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AVAILABLE FROM HH AWMINER._...4 compe ete tine oF 
NUCLEAR AMPLIFIERS 


To fill any counting or budgetary requirement, Hamner 
now offers a complete line of three basic nuclear ampli- 
fiers, each available with a choice of discriminators on the 
same basic chassis. These three circuit types are 


e The ORNL double delay line A-8 circuit, for unex- 
celled overload protection and minimum base line 
shift, at high counting rates. (Ask about Hamner's 
exclusive fast coincidence pick-off circuit, optiona! 
on the same chassis). 


The N-302, Chase Higimbotham design, for out- 
standing linearity, low noise and non-overload 
properties. 








The Hamner N-371, double RC circuit for low cost, 
routine counting or analysis applications. 


Each amplifier is available with either integral discrimi- 
nator or single channel pulse height analyzer on the same 
chassis. All units offer research quality specifications 
which will be demonstrated on request. 


Hamner also markets a wide variety of other advanced 
type nuclear counting equipments which are tailored to 
operate with these amplifiers in forming various counting 
systems. 





For full specifications on these instruments, contact 
Hamner or your area representative. 





HAMNER ELECTRONICS CO., INC. 


Department 6, P.O. Box 531, Princeton, New Jersey, PEnnington 7-1320 





Indian Point... 


PUTTING 
SEVEN-LEAGUE-BOOTS 
ON NUCLEAR PROGRESS 
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For the first time in a commercial ap- 
plication the plentiful fertile material, 
thorium, will be converted into a fission- 
able source of energy. This application, 
at the Indian Point Station of the Con- 
solidated Edison Company of N. Y., Inc., 
will be a major stride toward the goal 
of economical nuclear power. 

Another forward step is the highest 
specific power and largest core life- 
expectancy of any nuclear station to 
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date. The reactor core is divided radially 
into a number of zones of differing ura- 
nium thorium concentration. 
Consolidated Edison’s aggressive and 
pioneering effort is a good example of 
American industry working to harness 
the power in the atom for man’s peaceful 
purposes. The Babcock & Wilcox Com- 
pany, Atomic Energy Division, 161 E. 
i2 St., New York City, New York. 


THE BABCOCK & WILCOX COMPANY 
NUCLEAR POWER APPLICATIONS 


Complete nuciear systems, cores, components, fuel elements, nuclear research and development 
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Two M & C Nuclear Technicians Operating Vacuum Arc Melting Furnaces 


This Capacity of 40 Vacuum Melts Per Day — 
up to 500 Kilograms of Uranium 


Demonstrates M & C’s Capability to Handle 
Your Melting and Casting Requirements 


Vacuum Metaliurgy 


Series 


No.1 Vacuum Melting 


We have nearly one-half a million dollars’ worth of installed equipment available for vacuum melting 
of nuclear, highly reactive and precious metals and vacuum casting these metals into ingots or special 
shapes. In addition, we have complete facilities for reduction of reactive metal ingots to mill shapes 

in copper or steel jacketing. 

These facilities are supplemented by analytical laboratories to assure homogeneity and provide 
complete chemical and metallographic analyses. 

The melting methods employed are (1) dynamic vacuum arc melting using consumable or 
non-consumable (tungsten electrode) arcs, (2) vacuum induction melting using quartz tube, 

Micarta and tank type furnaces. Ingots can subsequently have surface porosity reduced on 

special vacuum surface conditioning equipment. 

It is axiomatic that the successful operation of this equipment for our customers, as well as in 
fabricating our own fuel elements, has gained us a unique degree of mastery of the intricate techniques 
involved to meet required specifications including minimum increase in gas content. 

Use our vacuum melting facilities and experience to supplement your research or production activities. 
Write for further information. 


TEXAS INSTRUMENTS 


INCORPORATED 
MECC NUCLEAR,ING. 


(A SUBSIDIARY) 
P.o.B8Ox B98 - ATTLEBORO, MASSACHUSETTS, U.S.A. 
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The World's Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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The Engineering Design of Power Reactors 
NUNZIO J. PALLADINO and HAROLD L. DAVIS 


The Conceptual Design 


The Reference Design 


Design Criteria and Initial Estimates 


Parametric Studies 
Core and Vessel Layout 


Temperature Flattening 


Reference Fuel Design and Development 


Reactivity Requirements and Control-Rod Design 


Transient Studies 
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Remote Phase-Separation Bulb for Radioactive Sample Analyses 
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SPERT-2 Features Versatility 


First TREAT Results—Meltdown Tests of EBR-2 Fuel 
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Ammonium Bifluoride—A Superior Etchant for Zircaloy 
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NUCLEONICS WEEK! 

Elsewhere in this issue (p. 40) you will 
find the establishment of 
NUCLEONICS WEEK, a significant new 
publishing service by the publishers of 
NUCLEONICS. The new publication is a 
weekly newsletter, designed to provide 
the latest information on developments 
in the nuclear field to those who need 
a faster, more complete news service 


notice of 


than our monthly news section can pro- 
vide. The existing news staff of Nu- 
CLEONIcs will be augmented to help 
provide this new service. Even greater 
use will be made of the domestic and 
foreign bureaus of McGraw-Hill World 
News—the U. 8S.’ third largest private 
news service. 

If you are a serious participant in the 
that is 
energy, you will want to subscribe to 
NUCLEONICS WEEK. Subscription in- 
formation can be obtained from The 
Publisher, NUCLEONICS WEEK. 330 W. 
42 St., New York 36, N. Y. 

teaders of NUCLEONICS are assured 


fast-moving drama nuclear 


that the present news and technical 
coverage of the monthly magazine will 
be in no wise diminished by the in- 
Rather 
our coverage will be enhanced, for the 
efforts extended to get vital informa- 
tion and interpretation into the weekly 
will also benefit the monthly. Indica- 
tive of the complementary nature of the 
two publications is the fact that the 


auguration of the new weekly. 


weekly will only be sold in combination 
with the monthly. 

NUCLEONICS, 12 years young, ex- 
tends a warm welcome to its lusty 


sibling. 


Reactor Design Strategy 

Our special report this month (p. 85) 
is devoted to The Engineering Design 
Rather than at- 


of Power Reactors 


tempt to cover all the engineering 
detail of have concen- 
trated on its strategy. We 
hope thereby to help those who work 
on the details of reactor to see the 


larger picture of how their efforts are 


design we 
grand 


coordinated. 

We sincerely feel that we are making 
a new and significant contribution to 
the nuclear literature with this report. 
For a field that suffers from the effects 
of too detail and 
insufficient interpretation, for a field 


much information 
where differences among reactor types 


have been stressed so much and so 
often that many forget the things they 
have in common, for a field that has 
had to depend on contributions from 
men trained in different dis- 
ciplines. this report will provide a very 
vital unified look at the problems of 


reactor design. 


many 


To prepare the report we called in a 
consultant/author, Nunzio J. (Joe) 
Palladino, Nuclear En- 
gineering at Pennsylvania State Univ. 
Joe for Westing- 
house’s Bettis Laboratory, working on 


Professor of 


was nine years at 
every major reactor project from the 
Nautilus to Skipjack, 
in charge of reactor design for the Ship- 
pingport PWR. 

Working with Prof. Palladino 
Associate Editor Harold L. (Hal) Davis 
who has been covering the reactor field 


including being 


was 


for NUCLEONICS for the last three years 
Previously Hal 
physicist with Pratt & Whitney Air- 
eraft’sCANELgroup. Here Dr. Davis 
evaluated and screened advanced air- 


worked as a reactor 


craft reactor designs and was involved 
in the early development of Pratt «& 
Whitney’s indirect-cycle liquid-metal- 
He taught 
atomic and nuclear physics. 

The Editors 


cooled design. has also 
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Maximum shield efficiency: 


FEDERATED INTERLOCKING* LEAD BRICKS 


With Federated’s unique interlocking bricks, there’s no 
need to order extra thickness to safeguard against leak- 
age. Because of the unique design of the bricks, any 
Gamma rays that penetrate the first angle of a Federated 
interlocking joint will strike an equal or even greater 
depth of lead than the straight thickness of the wall! Get 
a full inch of protection for every inch of lead you buy; 
specify FEDERATED INTERLOCKING BRICKS. Federated 
also stocks many sizes of lead containers for handling 
materials with a wide range of radioactive intensities. 
For information about standard and special shapes of 
shielding lead, lead castings, lead-filled vessels and 
containers, write or call: Federated Metals Division, 
American Smelting and Refining Co., 120 Broadway, 


N. Y. 5, or your nearest Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA 
Fairfax 2-1802 


BOSTON 16, MASS 
Liberty 2.0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


Patent Pending 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, WIS 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchel! 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA. 
Locust 7-5129 
PITTSBURGH 24, PENNA 
Museum 2-2410 
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ERATED METALS DIVISION 


PORTLAND 9, OREGON 
Capitol 7-1404 
ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem. 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long half-life emitters. 


AM-33R $6,580.00 
Others from $1,445.00 


Y ALARM SYSTEM 


This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 
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Proportional 
Counting Systems 


PC-3A 

$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a 2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 


Y Spectrometer 
System 


GSS-1 $4,180.00 

(Complete System) 

The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.0.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 


Nuclear Measurements Corp 


2460 N. Arlington « Indianapolis 18, Indiana 


international Office 13 E. 40th St., New York 16, N. Y. 
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Corrections to Data Sheet 37 


Dear Sr: 


Several corrections are called for in 
Data Sheet No. 37, ‘‘Conduction 
Heat Flow Transients’ (NU, April, 
60, p. 66). Most of the corrections 
are given here, but a corrected reprint 
lof the article can be had by writing 





the undersigned. 


The ordinate of the curves should read 
(T; - To not (7, + T). 

The first example should read 
T Mt Dave = 500 _ 

- 500) (0.8)(0.825) = 
1 — v)}[Tave — T] 
170 100) = 20,090 psi, 
Max o at inner fiber, tension) 


170° F 
287 
| The rate of temperature change is nega- 
| tive for decreasing transients and positive 
| for increasing transients 

The second example should read as 
follows (since the series of transients is 
solved by superposition of effects, Ny, 
and ¢avg are evaluated for the time a 
particular rate has existed): 


Time m (°F /sec 
<i < 824 0.1032 
160 0.0700 
20 0.0400 





| 
Ny, 


+ (m1) (ts) (davets 

- Mo)it ti) (@avels — t1) 
| - (ms — ™ t " to) (davgls — ts) 
Tove = Te + 130 
o = [Ea’/(1 — »)|[Tavg — T] 
130 — 430) = —113,700 psi 
Max o at inner fiber, eompression) 


lo = (379 
| 
Use appropriate values of @ for other 
stresses. 

This —113,700-psi stress is in excess 
of the yield strength of type 347 stainless 
steel. The possible occurrence of mate- 
| rial thermo-physical phenomena mitigat- 
ing such must be considered in 
\light of the specific situation for which 
| such a calculation is made The case 
above is meant to illustrate use of the 
curves only. A value of 0.208 ft*/hr for 
thermal diffusivity was used here 

J. 8. Hucks 

Nuclear Division 

Combustion Engineering Inc. 
Windsor, Connecticut 
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|'How About It, Bees? 
DEAR Sir: 


| Karl Puechl’s letter in the March, 

1960, NUCLEONICS (p. 6), commenting 
| on the overuse of computers in reactor 
physics, is both stimulating and enlight- 
| ening. 
| the indiscriminate use of high-speed com- 


My own inexpert opinion is that 


| puters causes the user to lose the “feel ”’ 
| for his problem and thereby lessens his 
‘ability to properly interpret results and 
decide on proper courses of action. 


Mr. Puechl’s recommendation that 


NUCLEAR REACTIONS 





machine results be treated as experi- 
mental data seems to be a good one. 
I personally wonder if we should not 
be going even further from the highly 
theoretical approaches we now take 
toward reactor design. How 
practical turbogenerators, 
electric other 
facilities could we build so well if we 
relied so heavily on the theoretical 
approach? Is it still theoretically 
impossible for the bumble bee to fly? 
Yours for simpler, more ‘‘ buildable”’ 


many 
buildings, 


motors or complex 


and cheaper nuclear reactors! 


C. E. LaNnGLois 
Pittsburgh, Pa 


A Prime Error 
Dear SIR: 


I wish to call your attention to an 
error in Eq. 1 of my article “Calcu- 
lating Gamma Spectra from Reactors”’ 
(NuCLEONICS, March, 1960, p. 114). 
A prime (’) mark was omitted in one 
of the exponential terms. The 
rected equation is 


cor- 


S,(E’) = S,_1(E’)e*"" 


Bes §,_(E)f(T 
+ | — eam : dE 
E’ ev E 


—R. L. Frencu 
Convatr 
Division of General Dynamics Corp 


Fort Worth, Texas 


Flux-Trap Reactors (cont.) 
DEAR SIR: 


I wish to offer some further remarks 
Widdoes 
7) con- 
flux-trap 


on the comments of Larry 
(NUCLEONICS, May, 1960, p 
cerning my statements on 
reactors. 

I knew about the Soviet work that 
was presented at the 
ference, but it is my understanding that 


Geneva Con- 


the Soviets are actually in the process 
of building a flux-trap reactor with a 
thermal flux of 5 X 10'*. This is far 
in excess of the flux available in any 
U. S. reactor now operating and is also 
higher than the flux in the proposed 
Oak Ridge High-F lux Isotope Reactor 

You also should point out that a 
flux-trap reactor is ideal for a low- 
temperature reactor. At present there 
seems to be considerable interest in a 
reactor that would produce a high flux 
of low-energy neutrons. This could 
be done in a flux-trap reactor having a 
central water sur- 
rounding a small region containing 
liquid deuterium. Since the scattering 
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region of heavy 








cross section of deuterium is about 15 
barns at low temperatures, the volume 
of this region would not have to be very 
large. Also, the fast flux would be 
very small, so it should be feasible to 
maintain the proper amount of deute- 
rium present without excessive evapo- 
ration losses. 
R. STEPHENSON | 
The University of Connecticut 
Storrs, Connecticut 


Nozzle Separation 
DEAR SIR: 


The April, 1960, issue of NUCLEONICS 
p. 68) contains an interesting review | 
on the separation of uranium isotopes | 
by means of nozzles. | 

The author of the review, Myron | 
Levoy, attributes the nozzle-separation 
phenomenon to pressure diffusion in | 
the gas jet beyond the nozzle, appar- 
ently following a suggestion made by | 
E. W. Becker of the University of | 
Marburg, Germany. We have also 
studied the ‘‘separation-nozzle”’ proc- 
ess in some detail and have concluded 
that the separation is due to differences 
in the molecular velocities of the} 
components of the jet rather than} 
to pressure diffusion. Our arguments 
have been re ported in a recent publica- 
tion (P. C. Waterman and 8. A. Stern, 
“Separation of Gas Mixtures in a 
Supersonic Jet,’ J. Chem. Phys. 31, 
405, 1959). A similar mechanism was 
proposed independently by E. Gose 
(A.I.Ch.E. Journal 6, 168, 1960). 

Incidentally, we believe that the 
possibility of separating gas mixtures 
in high-velocity jets, as produced by 
nozzles, was first suggested by P. A. M 
Dirac and demonstrated experimen- 
tally by P. A. Tahourdin at Oxford 
University, England, during World 
War IT. 

S. A. STERN 
Linde Company 


Division of Union Carbide Corp. 
Tonawanda, New York 


DEAR SIR: 

The recent work cited in the] 
above letter certainly presents an | 
impressive argument for molecular- 
velocity differences as the mechanism 
of separation. However, no one sepa- | 
ration mechanism appears conclusive; 
several mechanisms may be operating | 
simultaneously. | 

—Myron Levoy | 
Reaction Motors Div. | 


Thiokol Chemical Corp. 
Denville, N. J. 
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Manufacturers and users of 





nuclear and scientific equipment... 





... depend on RCA 
Radiation and 
Instrumentation Services 
for prompt, expert 
installation 

and maintenance 


The full resources and technical know-how of the Radio Corporation 
of America back these services. They’re available to you 3 ways: 


e Warranty Service—RCA assumes manufacturer’s warranty 
obligations on nationwide basis, including installation and 
maintenance by skilled technical personnel. 


e Post-Warranty Service—RCA specialists are available on per- 
job basis for installation or maintenance; extensive stock of 
replacement parts meets manufacturers’ specifications. 


e Contract Service—Planned protection at a fixed annual rate 
includes parts, labor and travel time; repairs at your loca- 
tion or ours. 


For complete information on these time- and money-saving services 
from RCA, write or phone today! 


Radiation and Instrumentation Services 
RCA Service Company 

A Division of Radio Corporation of America 
Bidg. 204-1 

Camden 8, New Jersey 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 














current 
Requirements 
= 115 volts, 


mps 
single phase 






1620 
230 volts, 


10 AMPS: 
single phase 
6.5 Amps- 3 Volts, 10'4-Wire 
three phase for 208 Volts 
1621 2380 —_— —_— — 2,000 








at 2. 


FREE YOUR ENGINEERING STAFF 
FOR MORE CREATIVE WORK... 


I B M 162 0 LOW-COST, DESK-SIZE COMPUTER 


RELIEVES YOUR STAFF OF TIME CONSUMING WORK 
..- SOLVES WIDE RANGE OF SPECIALIZED PROBLEMS 


Problems that used to tie up your engineering staff for days can now be solved 
... with electronic accuracy ...in minutes! The IBM 1620 is a low-cost, desk-size 
engineering computer that solves a tremendous range of routine and specialized 
engineering problems quickly and easily. The 1620 offers you an economical 
way to increase staff productivity, helps pave the way for profitable growth. 


The 1620 is easy to learn, easy to operate, easy to communicate with. It adapts 
readily to specialized and general problems such as design development, biend- 
ing problems involving matrix arithmetic, research calculations with differential 
equations. It facilitates the development of mathematical models for plant and 
shop operation, and evaluation studies employing statistical techniques such 
as regression analysis. 


IBM also makes available a comprehensive library of mathematical routines and 
programs as well as reliable customer engineering. These services supporting 
the 1620 are an important part of IBM Balanced Data Processing. They make it 
easy for you to make full use of the 1620 in your operations without delay. Like 
all IBM data processing equipment, the 1620 may be purchased or leased. 


BALANCED DATA PROCESSING IBM 


Dept. 805 
International Business Machines Corporation 
112 East Post Road, White Plains, N. Y. 


Piease send me further information and complete specifications for 

the 18M 1620 Engineering Computer. | am particularly interested in: 
(engineering application) _ 

NAME 

POSITION 

COMPANY 

ADORFSS 


city 
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CONTROL ROOM OF THE NASA PLUM BROOK 60-MEGAWATT REACTOR 


NASA Offers Outstanding Opportunities In 
NUCLEAR RESEARCH Positions of responsibility are 


available to experienced personnel at NASA’s 60-megawatt 
testing reactor in Sandusky, Ohio. 


The positions include: 


Engineering Branch Chief—responsible for tech- 
nical support required for safe and efficient 
operation of the Plum Brook Reactor Facility 
and its experimental program. This includes 
management of experiment project engineering, 
reactor physics, radiochemistry and metallurgi- 
cal laboratories, counting rooms, instrument de- 
velopment, and engineering design. The person 
selected must have an M.S. or Ph.D. in engi- 
neering or the physical sciences, and three to 
five years experience with an operating research 
reactor, two —s of which was in a supervisory 
capacity. A knowledge of experimental reactor 
physics and engineering problems of in-pile loops 
in high flux reactors is highly desirable. 


Shift Supervisors—responsible for, and in di- 
rect charge of, shift operation of the Plum 


Brook Reactor, its auxiliary facilities, and the 
experiments associated with the reactor. Re- 
porting to him, through lower level supervision, 
are all shift personnel. The Shift Supervisor is 
required to become qualified as a_ licensed 
reactor operator. Persons selected must have a 
B.S. in engineering or one of the physical 
sciences and previous reactor operating expe- 
rience. At least three years of related engineering 
experience is also required. 


Other positions are also available for experienced 
experimental reactor physicists and _ radio 
chemists. 


Address your resume and qualifications to: 


Placement Officer 

National Aeronautics & Space Administration 
Lewis Research Center 

21000 Brookpark Road, Cleveland 35, Ohio 


National Aeronautics and Space Administration 
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your FISHER/MAN sranps BEHIND THIS PNEUMATICALLY OPERATED PISTON..« 


FOR 
Inherent Accuracy- 


Power-Speed 
and Stability 


FISHER TYPE 470 P.O.P. 


Delivers same power in either peecten 
at any point of the stroke. 


r 
é Adaptable to virtually all types of valve 
> 
> 


bodies including Butterfly valves. 


No air set required—utilizes’ clean, non- 
corrosive air or gas up to 150 psi. 


Easily reversible actuator can be changed 
in the field. 


This small, compact piston actuator incorporates its own 
positioner mounted integrally on top of the cylinder. 
Positioner receives any of the normally used pneumatic 
instrument signals. Then, without an air set, actuator 
utilizes the full potential of the available instrument or ~ 
gas supply to provide exceptional speed and power. 
Series 470 is available in six basic sizes and can be 
supplied for travel up to 4”. Basic actuator can also be 
furnished with a handjack, hydraulic snubber, pneumatic 
safety devices or as a spring return unit. Write for 
Bulletin E-470. 


PERFORMANCE DATA 


Air Consumption (Static 20 SCFH at 100 psi supply. 

Instrument Signals 3 to 15 psi, 5 to 25 psi, 6 to 30 psi, 
12 to 60 psi. Suitable for split range 
also. 

Temperature Limitation 175°F. 


Maximum Hysteresis 0.15% of total stroke or instrument 
signal. 


Repeatability 0.03% of the total stroke or instru- 
ment signal. 


SUPPLY PRESSURE PSI 


Resolution Sensitivity ...Minimum change in the measured 
variable to produce an effective 
movement of the final control ele- t 
ment is .02% of the instrument pres- 4 
So STEM FORCE - 1000 LBS 
Frequency Response 1.4 cps for the Size 60. CYLINDER DIAMETERS AS MARKED ON EACH CURVE. 
4 cps for the Size 30. 


Load Sensitivity................Percent of total travel per 100 Ibs. 
stem force is .065% for Size 60. AVAILABLE STEM FORCE 


rif 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD. .. CHANCES ARE IT'S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 
Marshalltown, lowa / Woodstock, Ontario / London, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA, 
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Reactor Components Systems 
For Your Nuclear Programs 


United . . . a reliable subcontractor for refueling systems, control rod drive mechanisms, 
valve actuators and special remote operating equipment . . . offers the experience, special 
skills and complete integrated facilities of their Atomic Power Department to the nuclear 


industry — and to you. 


We would welcome the opportunity to discuss your particular problems or requirements 
in the development of reactor components for your nuclear programs. 


United's experience in the design and manufacture 
of both wet and dry reactor refueling systems in- 
cludes such projects as submarine reactors, two 
shipboard reactors and the first large scale com- 
mercial nuclear power plant (PWR) at Shipping- 
port, Pennsylvania. 


Refueling systems now in the design and develop- 
ment stage with United include those for the new 
Consolidated Edison plant at their Indian Point 
Station, Buchanan, New York and the refueling 
system for the Yankee Atomic Electric Company 
plant at Rowe, Massachusetts being designed and 
constructed by Stone & Webster Engineering 
Corporation. 


The Consolidated Edison refueling system (shown 
here) uses an underwater, remotely operated 
manipulator for the removal and transportation 
of spent fuel cells to a disposal basket. The basket 
js then upended to allow the fuel elements to be 
guided down through a shuttle or chute to an under- 
water storage area. Television cameras allow 
manipulator operator visual control at critical 
points. 


WRITE FOR [ull information and specific 





details on the equipment 
and components shown. 


Consolidated Edison Indian Point Station 
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HERMETICALLY SEALED VALVES 


The Harmonic Drive principle developed by United 
has been applied to valve actuation in order to elimin- 
ate packing and welded or screwed capping. The new 
hermetically sealed valve uses a Harmonic Drive 
linear actuator to position the valve plug. The 
valve (shown at right) is designed to naval and 
commercial specifications and is readily adapted for 
use in Pressurized Water, Heavy Water, or Gas 
Cooled reactor systems. Valves are supplied in both 
1” and 2” sizes for motorized or manual operation. 
Larger sizes available on request. 


Cutting Machine 





SEAL WELDING AND 
CUTTING EQUIPMENT 


The design and development of automatic seal weld- 
ing and cutting equipment for nuclear reactors is an 
important activity at United. One such development 
involved the design and manufacture of cutting and 
welding equipment using consumable inserts for the 
U. S. Navy submarine Triton (S4G). Equipment 
will cut and re-weld 11-inch diameter welds on the 
control rod drive mechanisms at the various angles. 
A control unit provides automatic sequencing of 
welding operations and the design of the welding unit 
allows use in spaces as close as 134-inches from weld 
to adjacent mechanisms. Equipment can be operated 
with any or all control drive mechanisms in place 
and its reliability eliminates the necessity for radio- 
graphic inspection. 


UNITED SHOE MACHINERY CORPORATION 
ATOMIC POWER DEPARTMENT, BEVERLY, MASS. 
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For the Babcock d& Wilcox Company: 


a Burroughs 205 computer backed the 
team that introduced 


atomic power to the merchant fleet... 


— 
—— 
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another Burroughs computer 


is helping build one of the 


worlds largest steam boilers... 


History has already earmarked July 21, 1959, 
in remembrance of launching the N. S. 
Savannah—the world’s first nuclear merchant 
ship. This graceful queen of the seas may 
well be the precursor of a vast atomic mer- 
chant fleet—ships operating quietly and effi- 
ciently on nuclear engines. 

Yet months before touching water, the 
Savannah’s nuclear propulsion system was 
ebtaining hundreds of “trial runs” on a 
Burroughs 205 computer at The Babcock & 
Wilcox Company’s Atomic Energy Division 
in Lynchburg, Virginia. 

Long before the vessel was launched these 
computer runs predicted changes that were 
to take place in the heart of the nuclear reac- 
tor. With the aid of these data, decisions were 
made as to the optimum size of the reactor, 
the lifetime of the fuel elements, amount of 
fuel needed, approximate costs and myriad 
other specifications. 

Of course, a simulated run could have been 
made with a desk calculator—but it would 
have taken one year to complete a single run. 
The 205 has completed the same job in just 
a few hours. 

This is the latest installment in a success 
story that started in November, 1955—the 
installation date of the Burroughs 205 at the 
Aside 


N. S. Savannah project, the same computer 


Atomic Energy Division. from the 
contributed immeasurably to other reactor 
designs, and other engineering work involv- 


ing stress and thermal calculations, plus cost 


Burroughs Corporation 


accounting data processing. 

A recognized pioneer in the application of 
electronic data processing equipment, B&W 
was one of the first companies to develop its 
own automatic programming system. The 
effect of this powerful programming aid— 
called DUMBO —is to extend the capabilities 
of the 205 to hundreds of engineers without 
special knowledge of computer characteris- 
tics and techniques. 

B&W engineers at Lynchburg are now able 
to write a plan for the computer to follow; 
DUMBO then automatically translates the 
plan into 205 language for electronic data 
processing. 

With valuable 205 experience on design 
problems of a different nature, B& W’s Boiler 
division (at Barberton, Ohio) has now 
installed a larger Burroughs 220 computer 
system to handle its increasing activities. 
Now in the design stage, with the aid of the 
220, is one of the largest steam boilers ever 
conceived. When finally erected, the new 
steam boiler will stand as high as a 22-story 
skyscraper, produce 4,900,000 pounds of 
steam per hour, and generate sufficient power 
to light a city of 5,000,000 population. 
Whether designing mammoth power equip- 
ment or a small industrial boiler, the 
Burroughs 220 has become a vital tool from 
initial bid through final design. The Burroughs 
220 is helping to win orders with fast-but- 
realistic proposals, slashing costs and lead 
time at every possible opportunity. 


and still another is speed- 
ing a vast research and 


development program 


B&W, whose product range includes tubular 
products, refractories, and marine boilers, as 
well as stationary steam generators, is also 
spearheading the development and construc- 
tion of nuclear stationary and marine pro- 
pulsion power plants. In all these programs, 
B&W depends upon the most modern ana- 
lytical processing equipment. 

At the company’s Research and Develop- 
ment Center based in Alliance, Ohio, a third 
Burroughs computer has recently gone “on 
the air.” This Burroughs 205 was purchased 
to process data for a variety of research ex- 
periments in the fields of heat transfer, fluid 
flow, stress analysis, and thermodynamics. Its 
immediate impact has been to free creative 
engineering talent from routine calculations 
and to reapply valuable human resources to 
the pursuit of new sources of economical 
energy. This 205 has already developed 
research data otherwise inaccessible. 

All three Burroughs computers are helping 
B&W to meet a wide range of the nation’s 
power requirements in the most efficient and 
economical way possible. Hundreds of other 
industrial and commercial users are confirm- 
ing similar experiences. 

Burroughs’ complete line of electronic data 
processing equipment is backed by a coast- 
to-coast team of computer specialists, able to 
advise on how Burroughs can help you in 
your business. For additional information, 
write General Manager, Data Processing Sys- 
tems Group, Detroit, Michigan. 


“NEW DIMENSIONS/in electronics and data processing systems” 





Pawling Research Reactor 


a complete reactor company at work 


A reactor company’s ability to gain the best solution with a given set 
of. design parameters is proportional to the quality of its experimental 
physicists. This is why NDA maintains an experimental physics group 
that has gained a wide reputation for quality and productivity 
: This group’s working tools include the Pawling Research Reactor and 
critical facility, a major mathematics center with Datatron Computer 
and a hot lab (10,000-curie capacity) for chemical confirmation of the 
experimentalist’s work. In addition to use of its own facilities, NDA has 
carried out programs based on the high neutron fluxes available at the 
Nationa! Reactor Testing Station in Idaho. 
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Gamma Ray Experiment 


Control Room, Pawling Research Reactor 


NDA’s experimental physics group conducts complete reactor core 
and shielding physics programs. It also addresses itself to specific 
problems such as exponential and single cell experiments, reactivity 
value studies and related projects to which the experimental physicist 
brings unique insights and skills 

Working for itself and others, NDA participates in reactor develop 
ment on a broad front. As a result, it offers unusual opportunities for 
experimental physicists and other reactor scientists and engineers 
to grow with the company and the industry. Write for employment 
information. 


a complete reactor company 
NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. 


TEL. WH. 8-5800 


NDA EVROPE 31, Rue du Marais, Brussels, Beigium 
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Southern Cal Ed’s 360-Mwe Plant Paces Big Reactor Month 


Activity on the reactor front suddenly picked up last month with six 


major developments: 


1, Southern California Edison issued a letter of intent to Westinghouse 
and Bechtel on a 360-Mwe pressurized-water reactor. The decision—al- 


though still some way from a de- 
finite contract—was hailed in the 
nuclear world as a great step forward, 
not so much because it would be the 
world’s biggest reactor, but because 
it was said the reactor would be com- 
petitive in the Los Angeles area over 
its lifetime. Later, however, some 
questions were raised on this point. 

2. No utility bids came in to build 
an improved-cycle, 50-75-Mwe or- 
ganic-moderated and -cooled reactor. 
The burden now is on AEC, which 
had stated previously that if no in- 
dustry bids were received, AEC itself 
would build this unit. 

3. Only two bids were filed on the 
improved-cycle boiling reactor, of the 
same size. One was, as expected, 
from the municipal power depart- 
ments of Los Angeles and Pasadena; 
the other was from Western Farmers’ 
Electric Cooperative of Anadarko, 
Okla. 

4. AEC decided none of the five 
bids for building a 16.5-Mwe Small 
Size Pressurized Water Reactor was 
“completely acceptable,” rejected 
those of Detroit, Ft. Pierce, Fla., and 
Miamisburg, Ohio, and asked the re- 
maining two—Jamestown, N. Y., and 
Dairyland Power Cooperative of La- 
Crosse, Wis.—to suggest alternate 
sites. 

5. AEC and Consumers Power Co. 
of Michigan agreed on bases for con- 
tractual arrangements for the 50-75- 
Mwe high-density boiling water re- 
actor Consumers is to build at Big 
Rock Point, Mich. 

6. The Florida West Coast gas- 
cooled heavy-water-moderated reactor 
is in doubt as result of the most recent 
cost estimates. 


1. Southern California 

“The Commission is gratified over 
this announcement,” Californian John 
McCone said when the news broke 
that Southern California Edison was 
planning to take the plunge into nu- 
clear power with the biggest power 
reactor yet. “This is the first time a 
private utility has determined on a 
purely economic basis that the interest 
of their customers and stockholders 
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are served by electric power supplied 
from an atomic reactor rather than by 
a conventional plant. The Commis- 
sion will give this project every pos- 
sible — and cooperation.” Re- 
action from the Joint Committee on 
Atomic Energy was equally warm. 

Edison, however, emphasized that 
the plan is still highly conditional at 
this stage. “Consummation of negoti- 
ations and actual start of construction 
depend on several factors,” Board 
Chairman Harold Quinton pointed 
out, “including finalizing of contracts, 
wa reg by AEC and the California 
Public Utilities Commission, and se- 
lection of a specific site.” Several sites 
were under consideration; it was re- 
ported that the favored location was 
within a Defense Dept. camp on the 
Pacific coast south of Los Angeles, 
and that Edison hoped for govern- 
ment help in obtaining the site. Some 
inland sites were also being con- 
sidered; but NucLEoNIcs learned that 
the colder condenser water available 
from the ocean would yield 340 Mwe 
net—as against 330 Mwe net inland— 
from the reactor’s 360 gross. 

Two other problems still unresolved 
are: 


Research-development _ financing. 


When Westinghouse first announced 
its design for a five-primary-loop pres- 
surized-water reactor of over 300 
Mwe, it said $4.4-million in research- 
development aid would be needed. 
The reactor design has since been im- 
proved, but no one will say how much 
research aid is now being sought by 
industry. A JCAE source told Nnu- 
cLeonics the amount was “a whop- 
per.” Other sources estimated it at 
$10—15-million. 

Site hazards. Rejection of the Pt. 
Loma (San Diego) site for ag ane 
ess-heat reactor was a shadow hang- 
ing over the Edison project—because 
the reason given for the rejection of 
Pt. Loma was not particular but gen- 
eral: unfavorable meteorology and 
high population density, with the 
earthq hazard also mentioned 
orally although not in the report. 
These three factors are common to all 
of Southern California—which also 
happens to be one of the places in the 
U. S. best suited economically to in- 
troduction of nuclear power. Edison 
has about doubled its capacity in the 
last ten years, and the reactor would 
add only 9%% to its present 3.8-mil- 
lion-kwe system capacity. 

The proposed construction schedule 
for the plant calls for core loading 
42 months after contract signing, cri- 
ticality in 44 months, commercial 
operation in 48. Limiting factor on 
the reactor size is pressure-vessel fab- 
rication: the $00-ton vessel is about 


Floberg, Williams resign from AEC; L. K. Olson named 
No sooner had AEC been brought back to full strength (Robert 
Wilson was confirmed March 18) than it was faced once again 
with shorthandedness: the White House an- 
nounced May 16 that John H. Williams (long 
suffering from cancer) and John F. Floberg 
(unexpectedly) were resigning from the 


Commission. 


To fill out Floberg’s term (to June 30, 
1962), the President immediately named Loren 
Keith Olson, 46, AEC general counsel since 
1958. Williams, AEC’s scientific member has 
not yet been replaced. 


Olson 


Floberg cited “a complex of reasons, largely 


personal,” for his decision. He will become general counsel of 
the Goodyear Corp. His resignation is effective upon confirma- 
tion of Olson, Williams's June 30. 
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Southern California Edison Reactor Characteristics 


POWER RATINGS 
Elec. output, gross 
Elec. output, net 
Reactor heat output 


REACTOR VESSEL 


Length over-all 
Inside dia 
Weight 
Thickness 


360 Mwe 
340 Mwe 
1150 Mwth 


41 ft 
~12 ft 
340 tons 


2500 psia 


Design pressure 
650° F 


Design temperature 
FUEL 


Material & configuration 
Cladding 
Equil. feed enrichment 2.9% to 4.0% 

2.1% in center zone 


Initial enrichment® {2.0% in intermediate zone 
2.9% in peripheral zone 


No. assemblies/core 52 in center zone 


52 in intermediate zone 
52 in peripheral zone 


182 
155 
0.386 X 0.772 in. 


No. rods/assembly 
No. pellets/rod 

Pellet dimensions 
Total core dimensions 


CONTROL RODS 
Configuration 
Number 
Composition 

Rod worth 

Rod drive type 


cruciform 
40 
Ag-In-Cd 
16% 


magnetic jack 


UO: pellets in rod bundles 
nae or stainless steel 


10’ ht X 9.1’ equiv dia 


PRIMARY CIRCUIT (five loops) 


Operating pressure 
Operating temperature 


Total coolant flow 
Main coolant pumps 


9-% in. carbon steel +- % in. 
stainless steel cladding 


Steam generators 


Length over-all 
Outside dia 


Design pressure, tube side/shell side 


Tube material 

Shell material 

Weight 

Steam pressure, outlet 
SECONDARY LOOPS 
Steam conditions at throttle 
Steam flow to turbine 
Turbine rated capacity 
Turbine type; speed 


ECONOMICS 
Plant capital cost 
Total plant cost, first 
core (at 80% plant factor) 


2150 psi 

567° average 

547° inlet 

587° outlet 

75 X 10° lb/hr 

5 each vertical single-stage radial-flow; 
bottom suction, horizontal discharge 

canned motor, design capacity 40,500 
gpm; design pressure, 2500 psia 

5 each, vertical U-tube, 
integral steam drum 

45 ft 

10 ft 

2500 psia/1000 psia 

stainless steel 

carbon steel 

300,000 Ib 

680 psia 


650 psia; 495° F dry & saturated 

4.5-million lb/hr 

360 Mwe @ 1.5” Hg back pressure 

tandem compound, quadruple 
flow; 1800 rpm 


$70-million 
8 mills/kwh 


(Conventional in area 7.5-8.5 mills) 


Fuel cost (including inven- 
tory, reprocessing charges) 


3.15 mills/kwh 


(Conventional in area 3.5 mills/kwh) 


Installed cost 


$206/kw net capacity 


* Figures given by Westinghouse in Sept. 1959. Exact enrichments by zone now said to be subject to further study. 





the biggest that can be ordered—or 
shipped—today. Earliest operation 
would be in 1965. 


2. Improved-Cycle Organic 

As some had foreseen, industry made 
no rush to build the strictly-develop- 
mental organic reactor. Few were 
surprised, in light of AEC’s statement 
that if industry didn’t bid, AEC 
would build the plant. It will be re- 
called the High Temperature Gas- 
cooled Reactor—now to be built at 
Peach Bottom, Pa.—was picked up by 
a broad utility grouping in part to 
keep another plant from being built 
by the government. But this time the 
situation is different—AEC has said 
that if industry did bid on the organic 
job, then AEC would put the money 
that would be saved into another con- 
cept, perhaps the spectral shift (NU 
May ’58, 80). Since it seemed clear 
that one way or another there would 
be further government involvement in 
the power-reactor field, there was less 
motivation for utilities to bid. 

AEC is now considering the situa- 
tion, says it has not yet decided what 
it will do. Much depends on prog- 
ress with sintered aluminum powder 
(SAP) fuel elements, intended as first 


core for an OMR prototype. 


3. Improved-Cycle Boiling 

Besides the expected bid from Los 
Angeles Department of Water and 
Power (NU, April ’60, 32), only An- 
adarko, Okla., was heard from. West- 
ern Farmers’ Electric Cooperative is a 
generating coop with no retail cus- 
tomers, selling power only to distribu- 
tors in the western half of the state 
(except the Panhandle). ll its 74.4- 
Mwe generating capacity is at An- 
adarko except for a 4.4-Mwe oil-or- 
gas-fueled plant; it has just more than 
doubled its capacity by putting a new 
40-Mwe unit on the line last Sept. 1. 
The coop declined to discuss its nu- 
clear plans, pleading that “we just got 
in in the last week or so.” It says it 
is still working out its plans—including 
site selection—with AEC. 


4. SSPWR 

AEC found that both bidders with 
otherwise acceptable proposals had 
unacceptable sites. Jamestown is ap- 
parently too close to the built-up part 
of the city; Dairyland, although 20 
mi out of LaCrosse, has a site on a 
small triangle bounded on one side 
by a river, on the other by a railroad, 


with only a few hundred feet from 
each to the proposed plant location. 
AEC asked both bidders to come up 
with a site having a 2,000-ft-radius 
total exclusion area around the re- 
actor, with the edge of the site to be 
5 mi from the heavily-populated 
fringe of the population center. 

amestown told NUCLEONICs it was 
still reviewing the situation, but “be- 
fore we go into it too far, we want 
more information, more exact defini- 
tions.” A spokesman added, “We 
don’t know for sure if the present site 
is completely unsatisfactory.” Dairy- 
land said it has an operating plant on 
the triangular site, “and we can't 
move that plant.” It has two alter- 
nate sites available, but says the one 
now turned down by AEC was the 
one AEC originally preferred. 


5. Consumers Power 

The bases for contractual arrange- 
ments worked out by Consumers 
Power and AEC include contributions 
by AEC of up to $3.7-million to Gen- 
eral Electric, the reactor builder, and 
up to $500,000 to Consumers, for re- 
search and development expenses. In 
addition, AEC would waive fuel use 
charges, which are estimated at $1.65- 
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million for the plant's first five years 
of operation (scheduled to start in 
September 1962). 

Construction, site, and operating 
costs of over $27-million would be 
borne by Consumers. 

Primary aim of the project is: 1. to 
demonstrate feasibility of increasing 
power density in UO2-fueled reactors 
(45 kw/lit is expected in the first 
core, 60 kw/lit subsequently); 2. to 
determine effects of high-power-den- 
sity operation on fuel life; 3. to re- 
duce fabrication costs of long-life, 
high-power-density fuel; and 4. to 
determine the most suitable conditions 
for high-power-density operation of 
the plant. 


6. Florida West Coast 


Florida West Coast Reactor cost 
estimates have increased so sharply 
that the project is being redefined by 
all parties concerned. Philip Sporn, 
head of East Central Nuclear Group— 
which is administering the entire re- 
search-development program for 
FWCNG and has agreed to finance 
$9-million of its $18-million cost (AEC 
paying the other half and FWCNG 
the $26-million construction costs)— 
reported to AEC and JCAE that latest 
construction cost estimates exceed the 
limits of the original obligations by 
private utilities to the project. 

Construction cost is now placed at 
$29.5-million. FWCNG (composed 
of Tampa Electric Co. and Florida 
Power Corp.) undertook in its con- 
tract with AEC to build the plant if 
power cost were not more than 1% 
times conventional power cost, and a 
decision is due by Sept. 1. Early 
estimates had shown 11.9 mills/kwh 
nuclear as against 8.18 conventional. 
But Sporn’s present comments would 
seem to cast some doubt as to whether 
the 150%-of-conventional goal can be 
met. 

Meanwhile ECNG and FWCNG 
are recommending continuation 
through the end of this year of their 
joint research-development program, 
which is focused on solving the 
high costs associated with the a 
two main problem areas: development 
of high-temperature UO, fuel ele- 
ments clad in beryllium, and fabrica- 
tion of pressure tubes having low 
neutron absorption cross-section and 
able to stand up under prolonged 
irradiation. 

Nevertheless, prevailing feeling at 
Germantown seems to be that costs 
are not likely to come down to the 
figures set out in the contract—that 
the Florida reactor may go the way 
of the Pennsylvania Advanced (ho- 
mogeneous) Reactor. 
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NAM, USCC Again Criticize AEC’s National Lab Policy 


The National Assn. of Manufac- 
turers and the U. S. Chamber of 
Commerce last month renewed their 
pleas to AEC for concrete action re- 
ducing the activities of the national 
laboratories in favor of more work for 
industry and universities. The two 
industry associations filed the written 
views of their nuclear committees— 
invited by the Joint Committee on 
Atomic Energy—on AEC’s national- 
lab aca (NU, Apr. ’60, 23). 
CAE had earlier cancelled public 

earings on the national labs because 
it did not want to provide a sounding 
board for industry complaints. 

NAM comments. In an interim 
statement of position (its govern- 
ment-competition task force was not 
as yet complete), NAM made these 
major points: 1. AEC should state 
more precisely the “broad” missions 
given certain of its laboratories—not 
only to avoid the possibility of future 
controversy over the roles of these 
labs but “also to improve the effec- 
tiveness of the individual labora- 
tories”; and 2. AEC’s plan to give 
new assignments to weapons labs, in 
the event an East-West rapproche- 
ment reduces weapons activity, 
“smacks of a ‘make work’ philosophy 
which is a wasteful and uneconomic 
one. 

“We would certainly agree that 
maintenance of a strong weapons pro- 
gram is essential under the present 
world political situation, but if this 
situation should be markedly altered 
in the future, a re-evaluation of lab- 
oratory goals and programs should be 


made at that time, with an obvious 


aim of monetary and personnel 
economies.” 

NAM said it would submit more 
detailed views when it rounds out the 
membership of its competition task 
force—adding a fourth to the trio 
Bruce Old, Arthur D. Little, Inc.; 
George Wunder, National Lead; and 
Bill Chamberlain, AMF Atomics. 

Chamber comments. These were 
both longer and more biting than the 
relatively polite NAM views. They 
included: “We suggest that JCAE 
and AEC continuously examine the 
relative expenditure funds in the lab- 
oratories [on the one hand] and in- 
dustry and universities [on the other] 

. . with a view toward achieving a 
—e rather than dominant, 
position on the part of the labora- 
tories [AEC contends the labs are 
complementary]. . . . We would like 
to see concrete plans on the part of 
the Commission [for bringing about 
its stated desire to increase lab co- 
operation with industry and universi- 
ties]. . . . We urge that the national 
labs resort to greater use of the staff 
and facilities of industrial groups in 
[making economic evaluations of lab- 
developed processes] instead of di- 
verting laboratory technical groups 
and installing expensive capital equip- 
ment which later become war on 
economy of operation. .. . [On 
AEC’s desire for an orderly progres- 
sion to industry of lab-developed proj- 
ects]: We suggest the desirability of 
measuring the success of this ‘orderly 
progression’ policy with the actual 
dollar decrease in the budgets as- 
signed to the laboratories. . . . 


IAEA milestone: draft of a safeguards system 

The International Atomic Energy Agency circulated last month 
the first draft of a proposed safeguards convention for the control 
of fissionable material in member states. To be presented to the 
IAEA’s Fourth General Conference this fall, the proposed system 
would cover: 1. research, test and power reactors of less than 100 
Mwth; 2. the source and special nuclear material used and pro- 
duced in these reactors; and 3. small research-development 
facilities. It would apply to all facilities and materials involving 
Agency aid plus those volunteered for safeguards by member 
states. Control of fissionable material is a basic IAEA raison 


détre. 


Congress approves AEC '61 authorization bill 
A $251,476,000 authorization bill for AEC construction projects 
in fiscal 61 was okayed by Congress last month and sent to the 
President. The controversial Stanford high-energy accelerator was 
not restored despite House and Senate floor fights by the Republi- 


cans. 


AEC’s appropriations bill, containing funds for both con- 


struction and operations, is due for approval this month. 
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Euratom’s Policy Challenged by JCAE; AEC Reaffirms Support 


Since the first stage of its power reactor construction program was de- 
flated like a punctured balloon, Euratom has been counting heavily on its 
research program. With reactor projects scarce, the emphasis has swung 
to fuel-cycle development and other major technical problems remaining 


athwart the road to competitive nu- 
clear power. Euratom has been 
looking to the U. S. for research quan- 
tities of fuel materials to buttress its 
program, while pumping more of its 
own money into research programs. 

Last month, however, even Eur- 
atom’s research program was being 
hiegeh—eheeily by the Joint 
Committee on Atomic Energy or its 
representatives—and this six-nation 
experiment in nuclear cooperation 
stood at the gloomiest point in its 2- 
year-plus history. Early in the month 
(May 2), JCAE’s international-atom 
fact finder, Robert McKinney, con- 
vened a meeting in Italy which was 
widely interpreted as attempting to 
undercut the Euratom Commission. 
McKinney himself lent support to this 
interpretation by refusing to deny it. 

Then, JCAE leaders, reached for 
comment on the McKinney meeting, 
unleashed a blast at Euratom of un- 
precedented bitterness. The charge 
was this: that private Euratom over- 
tures for more U. S. aid in recent 
months, as the power program showed 
inevitable signs of sagging, had 
reached unreasonable proportions. 
“They [Euratom and European utili- 
ties] do not want to see reactors built 
unless they get a Christmas tree with 
donations er all over it from the 
American public,” a Joint Committee 
official charged. “Euratom is a pretty 
cold corpse right now and . . . it will 
undoubtedly die within a short time. 
Euratom will not do the things that 
might be productive [concentrate on 
research].” 

Finally, Euratom’s eagerness to 
complete negotiations with the U. S. 
on the supply of additional fissionable 
material was snagged by the JCAE 
antipathy for the joint program. Ne- 
gotiations at the staff level were com- 
pleted in April—with Euratom to get 
plutonium, enriched-U and U-233 for 
research and development—but were 
expected to go no farther until Mc- 
Kinney makes his report to JCAE this 
month. Euratom had been extremely 
anxious to complete the fuel arrange- 
ments in early May. 

From Euratom’s point of view the 
month’s gloom was penetrated by only 
one positive development: a ringing 
reaffirmation by AEC Chairman John 
McCone, of U. S. faith in and support 
for this Western European community. 
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McKinney at Bellagio 

The McKinney meeting was billed 
as an exploration of ways and means 
for instituting a nuclear research pro- 
gram sponsored by many Western 
European countries, plus the U. S. 
However, because of circumstances 
leading up to and surrounding it, it 
was criticized in many quarters as 
circumventing the Euratom Commis- 
sion—in which case it would have run 
directly counter to established U. S. 
foreign policy of vigorous support for 
the six-nation experiment of such 
political as well as technical signif- 
icance. 

The meeting ran the week of May 
2 in the lavish Villa Serbelloni (now 
owned by the Rockefeller Founda- 
tion) in the fashionable Italian resort 
of Bellagio on Lake Como. In at- 
tendance were a handpicked group of 
heads of nuclear research labs in 
Europe and the U. S. 

No one from Euratom itself was 
invited—in fact Euratom officials who 
sought an invitation were told by Mc- 
Kinney’s official staff that invitations 


were controlled by the Rockefeller 
Foundation. (Later, Foundation offi- 
cials told nucLEontcs the meeting was 
McKinney's show. The Foundation 
was only making its villa available to 
the meeting and footing hospitality 
costs as well as travel for some of the 
delegates. ) 

Likewise, no representative of offi- 
cial Italian nuclear bodies was invited, 
and overtures for participation were 
similarly rebuffed. One Italian scien- 
tist, a biologist said to be unac- 
customed to handling broad policy 
issues, attended—but as a representa- 
tive of the Rockefeller Foundation 
rather than of CNRN (Italy’s Na- 
tional) Commission for Nuclear Re- 
search). 

Reached by transatlantic telephone, 
McKinney was unwilling to discuss 
the situation. “I can’t tell you any- 
thing about it. . . . I just don’t have 
anything to say,” he said when asked 
about reports the meeting was aimed 
against Euratom. Pressed for the 
purpose of the meeting, McKinney re- 
plied, “I had better consider this very 
carefully,” and then explained that it 
was part of his job for the Joint Com- 
mittee on Atomic Energy. He said 
that it was “just a private seminar,” 
and ended with the comment, “I’m 
just not going to talk any more.” 





research laboratory heads at Bellagio. 
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Bellagio Staff Paper Urges Pooling, European NRTS 

Complete pooling of nuclear research facilities, and establishment of a test 
site for Western Europe such as AEC’s National Reactor Testing Station in 
Idaho were proposed in a staff paper prepared for the conference of nuclear 


In what in all likelihood amounts to a preview of at least some of the 
recommendations Robert McKinney will make in his re 
Committee on Atomic Energy next month, the staff paper 
and the possible bases for a “European Community of Facilities for Reactor 


The paper discusses various possible forms of international collaboration, 
ranging from mere information committees through “assigning committees” 
and participation in national activities to total pooling and sharing in joint 
It makes no secret of its preference for the last-named. 

It lists these possible projects for European cooperation: 

1. High-flux test reactors of over 10” flux; 2. Large computers for reactor 
calculations; 3. Excursion reactors for studies of transient behavior; 4. Inter- 
national fuel and component “banks” [or circulating libraries]; 5. Magneto- 
hydrodynamics; 6. “Nearly proven” types of 
U, superheat, fast breeder, etc.) 7. Fluid fuel reactors; 8. Ship propulsion; 9. 
Technology of reactor components; 10. Reactor for production of research 
materials; 11. Food irradiation; 12. Medical research. 

Of the first four projects, the paper observes, “If [they] are taken in their 
common-hardware aspect, they begin to add up to something like a European 
Community of Facilities for Reactor Research. Whether concentrated in one 
these four aspects of cooperation could 
hardly be pursued independently from each other. Taken together they 
would serve the European contribution to original reactor research, just as 
Arco [NRTS] serves a substantial part of the American contribution. 
starting here a crowning aim, rather than a basic premise of European co- 
In each of the four lines summarized above it 
is possible to initiate well-defined cooperative efforts on a modest scale, which 
may bear fruit even if a “European Arco’ proves difficult to achieve.” 
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The Setting 

The meeting was apparently called 
on short notice (10-14 days) to dis- 
cuss the lack of work for European 
nuclear laboratories—and what might 
be done about it by the nations of the 
Atlantic community. One staff paper 
prepared for the meeting listed a wl 
possible areas for international col- 
laboration in nuclear research, and 
suggested that four of them taken to- 
gether might come to constitute the 
kernel of a European version of the 
U. S.’ National Reactor Testing Sta- 
tion in Idaho (see box at left). 


The Questions 

Some major questions about the 
meeting were raised by NUCLEONICS 
inquiries at AEC, the Department of 
State, the Rockefeller Foundation and 
among observers in the U. S. and 
abroad. 

Was the meeting anti-Euratom? 
Long before McKinney, publisher of 
the Santa Fe New Mexican, was given 
his present assignment by JCAE, 
namely to report on the U. S. atoms- 
for-peace program, he had made sev- 
eral speeches sharply critical of Eur- 
atom and calling for a nuclear re- 
search effort sponsored by the North 
Atlantic nations. Once the fact-find- 
ing task for JCAE got under way, 
McKinney and his staff began to ac- 
quire a reputation in Western Europe 
for criticism of the Euratom concept. 
(“It is evident,” Felice Ippolito, secre- 
tary general of Italy's CNRN, told 
NUCLEONICS in explanation of why no 
official Italian representatives were in- 
vited, “that when McKinney several 
months ago sent his colleagues to Italy 
for a preconference he found an at- 
mosphere among us that was favor- 
able to Euratom.”) 

The Euratom Commission has a 
fund of $215-million, most of which 
it is pouring into nuclear research in 
Western Europe. In addition its 
plans call for taking over three major 
European nuclear laboratories: Petten, 
Karlsruhe and Ispra. U. S. officials 
asked if it made sense in the light of 
this to leave out such an organization 
when discussing European nuclear re- 
search meres j 

Euratom President Etienne Hirsch 
told nucteonics by phone from 
Brussels that he was aware of the 
meeting but that no Euratom repre- 
sentative had been invited and that 
he had not been apprised of the 
agenda. Clearly trying to minimize 
the significance of the meeting, Hirsch 
said, “It would be a mistake to attach 
too much important to it. 
hope they have a good time.” 

Was the meeting official or not? 
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Rockefeller spokesmen said the meet- 
ing was completely unofficial. This 
view was supported by State Dept. 
spokesmen, who added the parley had 
nothing officially to do with McKin- 
ney’s work for Congress. However 
AEC officials and McKinney himself 
said it was a part of his fact-finding 
mission, reporting to JCAE in mid- 
June. 

AEC assigned its acting director of 
research, Paul McDaniel, to act as 
secretary for the meeting, but on the 
basis that he was attending in a pri- 
vate capacity. This was, in fact, true 
of all other delegates. 

Rockefeller officials said they were 
told that McKinney felt it would be 
very useful to bring together some 
people to whom he had se talking 
separately and privately. They said 
McKinney was anxious to avoid diplo- 
matic channels and was extremely 
anxious to have an exchange of views 
in an uninhibited atmosphere. 


McCone Backs Euratom 

McCone later gave Euratom an un- 
equivocal vote of confidence. Shying 
away from direct comment on the 
Bellagio meeting, the AEC chairman 
declared in effect that U. S. policy on 
Euratom would be set neither by Mc- 
Kinney nor by his study for JCAE. 

“We have supported Euratom, we 
shall continue to support Euratom, 
and we shall meet every obligation. 
We hope it will succeed,” McCone 
practice. Speaking of recent changes 
in Western Europe’s conventional fuel 
supply, McCone noted that “some 
obvious things” have happened that 
make Euratom’s job tougher. But he 
displayed a high optimism that is 
foreign to the Euratom scene lately: 

“Euratom will have additional 
power projects. And at some future 
time U. S.-Euratom relations will be 
extended and they will be expanded. 
They're not going to stand still.” 


GE asking SENN to accept stainless core 

Concern over embrittlement of zircaloy-2 after massive irradi- 
ation and consequent appearance of pinholes has caused General 
Electric to ask SENN to take a stainless-steel-clad core instead. 
An “engineering investigation” and GE-SENN discussions have 
been under way on merits of the two cladding materials, G.E. con- 
firmed to NucLEONIcs that on the basis of data obtained thus far 
“the optimum balance of the factors in the selection of fuel clad- 
ding favors stainless steel at this particular time for large, high- 
performance reactors.” For SENN, acceptance of steel would 


mean higher energy cost. 


The problem is related to the formation of hairline cracks in the 
zircaloy tubing, a problem that bedeviled Dresden last winter 


(NU, Jan. ’60, 18). That involved fabrication of unirradiated 
zircaloy; now the problem centers on the fact the ductility of 
zircaloy-2 is reduced to practically nil after an integrated fast flux 


of 5 x 10%. The requirements of large central stations using thin- 


wall tube, not flat plate, are far beyond those of the Navy. In- 
dustry sources who have wrestled with the problem point out that 
the art of alloying zirconium is still in an embryonic stage, with 
work underway to find a suitable zircaloy-4 or zircaloy-5; that 
large water reactors are frankly not very attractive with steel; that 
the incentive to solve the zircaloy problem is very great and can be 
measured as 1-14 mills/kwh in power cost. 


House committee gives AEC $2.4-billion for '61 

The House Appropriations Committee last month gave AEC 
$2,450,560,000 for fiscal year 61 spending on operations and con- 
struction. Imposed cuts were few and light, except for the Air- 
craft Nuclear Program, which was given only $58-million of the 
$73-million requested. 


Curtiss-Wright shutting down Quehanna reactor 


Curtiss-Wright will shutdown its Quehanna, Pa., reactor this 
summer. It will continue in the reactor business, however. 





PICTURE STORY OF THE MONTH 





Pu-Recycle Plant 


Near Completion 
at Hanford Works 


GUTER ROTATING SHIELD 
INNER ROTATING SHIELD 


When the Plutonium Recycle Test Reactor (above) goes into its startup phase this 
summer at Hanford, fuel technology will turn an important corner toward a goal which 
is common to all enriched-uranium power reactors: the recycling of plutonium. Exact 

ACCESS PLUG EN yg startup date is uncertain; outside construction work has been complete for some time, 

‘ R however, and inside work is far enough along to indicate completion this summer. 
Toone as =| oo The heavy water-moderated and -cooled reactor will reach full power (70 Mw, 
waren ovERPLoW ; ) A ai nominal) some six months after startup. PRTR will also contribute to two other reactor 
AL uate aa pee | areas: pressure-tube cores (see below) and heavy water moderating and cooling. 
Sodeadion sae iil. f ramon mer It is one of four U. S. D2O reactors building or planned 
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PRTR serves two functions: its pressure-tube de- 

sign gives it incomparable capability for simul- 

taneously testing different fuel elements, and its 

over-all design is that of a power-reactor proto- 

type. D2O leaves the reactor at 530° F, 1,050 PRTR construction began two years ago. Photo above, which First core combines 19-rod 
psia and is circulated through the heat exchanger gives a particularly clear idea of the reactor’s size relative to clusters of nat UOs feed ele- 
to produce 425 psia steam man, was taken Oct. 27, 1958 ments, Pu-Al spike elements 


PRTR Is First Pressure-tube Reactor in U.S. 


ABOVE: PRTR’s 85 shroud tubes are secured to Al calandria 
top via thermal expansion bellows. Welding Al was ex- 
tremely difficult. FAR LEFT: Bottom view of calandria shows 
85 tube penetrations, plus various hookups for gas balance 
system and moderator outlet and dump. CENTER: Charge- 
discharge machine will move fuel elements through two con- 
centric shields at top of reactor 





Administration Reorganizing Nuclear Rocket Program 


For something like four years this country’s nuclear- 
rocket program has stood in continuing violation of a 
basic rule of good management: divide the responsibility 
for getting a job done and you sharply reduce your 
chances of success. Until last summer's successful test 
of the program’s first reactor experiment under Project 
Rover, een: it made little difference that propulsion 
responsibility and vehicle responsibility resided in differ- 
ent federal agencies. 

This month, a year after the highly successful firing 
of Kiwi-A (NU, Aug. ’59, 23), the Administration is 
expected to cap formally a series of events touched off 
by that desert triumph: immediate reorganization of the 
nuclear-rocket program to bring its management under 
one man and give it an unprecedented sense of unified 
direction. 

Authoritative Washington sources said last month 
that man would be Harold B. Finger, nuclear-rocket 
chief at the National Aeronautics and Space Administra- 
tion, who will be assigned to AEC’s Division of Reactor 
Development as chief of a nuclear-spacecraft branch. 
Another contender for the job, Col. Jack Armstrong, 
deputy director of the Division’s Aircraft Reactors 
branch, will be given an assignment with a challenge 
all its own—development of advanced reactors pri- 
marily for military applications. 


THE BACKGROUND 


The Kiwi-A experiment at Jackass Flats, Nev., last 
June (not a prototype reactor engine but an important 
test of engine materials at several thousand degrees 
Fahrenheit) crystallized a Washington-Los Alamos cam- 
paign led by JCAE Chairman Clinton Anderson 
(D-N. M.) for acceleration of rocket development—by 
pumping more money into it and by tightening up the 
program's management. AEC has always had responsi- 
bility for engine development but first the Air Force 
and now NASA have held unto themselves—as the 
agencies which would operate nuclear rockets—develop- 
ment of the rocket vehicles. 

The campaign for more funds received a jolt last fall 
when the Bureau of the Budget forced AEC to accept 
a $12-million cut in appropriations for the fiscal year 
beginning July 1, fiscal ‘61. All but $1-million of this 
(for a total of $34-million) was eventually restored when 
AEC raided other projects for makeup money. But the 
failure of NASA to give AEC enthusiastic support in the 
Commission’s dickering with the Budget Bureau con- 
vinced the leadership of the Joint Committee on Atomic 
Energy that the nuclear rocket was not fully ap- 
preciated at NASA—and that a program-management 
review was in order. 

Subsequent informal negotiations organized by Ander- 
son and involving AEC Chairman John McCone and 
NASA Chief Keith Glennan uncovered this basic differ- 
ences of opinion: NASA viewed the nuclear rocket—in 
its first application—as a stage of the chemically-fueled 
Saturn rocket and thus tied to Saturn’s development 
schedule. Nuclear-rocket proponents at AEC and 
JCAE, however, saw the program as primarily an in- 
dependent one that should be developed on a faster 
schedule than Saturn, if possible. 

This difference on the requirement for and the timing 
of nuclear rocketry was, and continues to be, the basic 
issue. When it became clear that the issue was ir- 
reconcilable, the JCAE leadership went into action with 
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a weapon it had used with telling effect before—par- 


liamentary maneuver. 


CALL TO CANNON 

Rep. Clarence Cannon (D-Mo.), a man who has ex- 
ercised remarkable influence over the nuclear program 
through the years as both chairman of the House Ap- 
propriations Committee and a master parliamentarian, 
was whistled into action. Cannon had singlehandedly 
altered the course of the Civilian Reactor Development 
Program in 1957 with a speech on the House floor 
challenging AEC’s right to enter into cooperative reactor 
agreements without getting Congressional approval; his 
‘57 speech also led to a JCAE prerogative exercised 
every year since the speech—the addition of construc- 
tion projects to AEC’s annual authorization bill (NU, 
Aug. 58, 22). 

Six weeks ago, when AEC arrived at the House Ap- 
ropriations Committee for closed hearings on its fiscal 
61 budget request, Cannon was waiting with some “apt 
ing questions on the respective nuclear-rocket roles of 
AEC and NASA. In a series of jabs at NASA, he ac- 
cused the agency of duplicating development work of 
AEC— in violation of the act creating NASA two years 
ago. 

The implication was two-fold: NASA should either 
back off from activities properly handled by AEC (for 
example, some of the experimental work of its testing 
reactor outside of Cleveland); or NASA and AEC 
should get together on a single program under a two- 
hat manager like Admiral Rickover for Naval reactor 
development, Richard Godwin for maritime reactor de- 
velopment, etc. 


BI-PARTISAN JCAE SUPPORT FOR ARMSTRONG 
Choice of the latter alternative was the obvious one 
to make—particularly since it was already under discus- 





New Nuclear Rocket Manager 

Harold B. Finger, director-designate of the U. S. nu- 
clear-rocket program, is a young aeronautical engineer 
who has spent his entire career with the National Aero- 
nautics and Space Administration and its predecessor 
agency, the National Advisory Committee on Aero- 
nautics. He joined NACA at its Lewis Flight Pro- 

ulsion Laboratory, Cleveland, after taking his bache- 

foe's degree in mechanical engineering from City Col- 
lege of New York, class of ’44; his master’s degree in 
aeronautical engineering was awarded by Case Institute 
in 1950. 

When he left Lewis to report to the new Space 
Agency in Washington (October, ’58), he was head of 
Lewis’ nuclear radiation shielding . The post 
he took at NASA is the one he still holds (and will 
continue to hold as half of this two-hat position): chief, 
nuclear propulsion, Office of Launch Vehicle Programs. 
In non-federalese, this means he has staff responsibility 
for a prime NASA mission—development of nuclear 
rocket vehicles. AEC has had separate responsibility 
for engine development. 

Finger has been accused of lacking enthusiasm for 
nuclear rocketery. At least in part, this criticism prob- 
ably stems from his personality; he is a soft-spoken 
man who does not readily display emotion. In an 
interview with nucteonics, he stated decisively that “a 
nuclear rocket will fly in the next decade” and such 
rockets will become the “real workhorses” of space 
travel. Whether flight “in the next decade” is soon 
enough for Congress remains to be seen. 
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ANDERSON pressure on GLENNAN brings FINGER in as manager—McCONE agrees. ARMSTRONG gets new post 


sion—and the scramble was on for the man to wear the 
two hats. Armstrong wanted the job and had Congres- 
sional backing. He and those in his camp felt he had 
the enthusiasm and drive for nuclear rocketry vital to an 
early and successful flight system; on the other hand, 
his supporters felt, NASA and its candidate, Finger, 
lacked such drive and enthusiasm. They wanted Arm- 
strong to have the post but were willing to accept a 
compromise candidate of stature with Armstrong as a 
deputy. On Apr. 14, four members of the Joint Com- 
mittee (Democrats Carl T. Durham, Chet Holifield and 
Melvin Price, Republican James Van Zandt) wrote the 
following letter to Glennan: 

“Senator Anderson has brought to our attention his 
recent discussions with you concerning the proposed 

—— anization of the Rover and Snap (Systems for 

ear Auxiliary Power) projects. 

As you know, the joint Committee has supported these 
projects for the past five years since their original incep- 
tion. We have fought the good fight for nuclear pro- 
pulsion, and intend to continue to do so. 

“In the past year we have been concerned about lack 
of objectives and of over-all organizational direction 
for the Rover project. We have supported Chairman 
Anderson’s efforts to improve the situation. 

“We should like to emphasize that in making any 
changes in organization, we believe the direction of the 
nuclear side in Washington should not be interrupted or 
impeded. We believe the Rover project has received 
excellent direction in the AEC [Aircraft Reactors 
branch]. We particularly believe that Jack Armstrong 


has shown great ability, intelligence and enthusiasm in 
supervising the Rover project. . . 

“We believe that any reorganization should utilize 
Jack Armstrong’s functions and abilities in relation to the 
Rover and SNAP projects. In principle, a separate 
branch for nuclear space propulsion in AEC may make 
sense. We would like to be assured, however, that the 
director of the branch have the necesary experience 
and stature for this task. 

“Before any change in organization is a into effect, 
we would appreciate an opportunity to hold an execu- 
tive session of the Joint Committee to explore the de- 
sirability of the change and the qualifications of per- 


sonnel recommended for the top positions. . . . 


GLENNAN HOLDS HIS GROUND ON FINGER 

Early last month, McCone and Glennan met at the 
NASA facility near Cleveland and agreed to give the 
post to Finger. In the last analysis, it was Glennan’s 
“enormous faith” in Finger—as a JCAE member put it— 
that led to his acceptance by the opposition. Moreover, 
with the long conflict resolved, the JCAE leadership has 
agreed to give Finger a chance to take hold. “We have 
agreed not to throw any rocks” while Finger gets his 
feet on the ground “but we intend to continue our drive 
in Congress” to assure that Rover does not bog down in 
delays tied to Saturn. “Irrespective of Saturn, a nu- 
clear-propelled rocket should be a useful thing in itself.” 

Late in May, there was still some uncertainty on 
transfer of the SNAP programs to the new rocket branch 
but NASA was insisting that it go along with Rover. 





AEC, JCAE to Make Comprehensive Licensing Studies 


has been participating in an inter- 
agency council on “red-tape” in fed- 








On the heels of several sticky re- 
actor-siting developments—Pt. Loma, 
the Small Size Pressurized Water Re- 
actor, Northern States nuclear su 
heat reactor—AEC has embark 
a comprehensive study of its licensing 
and regulatory posture, particularly 
for power reactors. Almost simul- 
taneously, the Joint Committee on 
Atomic Energy will conduct its own 
study covering about the same ground. 

Deeply involved in both is the 
Advisory Committee on Reactor Safe- 
guards, whose sensitive position as 
technically an advisory body to AEC, 
but practically an autonomous group 
created by Congress (NU, Feb. '59, 
24), has led to less than ideal rela- 
tions between it and AEC. Some 
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Commission officials feel strongly that 
publication of ACRS’ advice to the 
Commission puts AEC under pressure 
to accept the advice without regard 
to other factors which might be as 
equally important. This, in turn, 
has created what some industry offi- 
cials feel is an unfair and unrealistic 
reactor-review situation. And, there 
is substantial industry pressure for a 
general overhaul of the complicated 
reactor-licensing procedure. 

AEC General Manager A. R. 
Luedecke emphasized this latter 
aspect in an interview last month. 
He said he wants to examine com- 
pletely the woe em procedures “to 
make sure they're keeping up with 
the times.” He pointed out that he 


eral administration for two years and 
expects this experience to be helpful. 

On a particularly crucial aspect of 
both AEC and JCAE studies—the 
need for separation of AEC’s promo- 
tional and regulatory functions— 
Luedecke echoed William Finan’s 
views of a month ago (NU, May ’60, 
25): 

“Tm not convinced that the two 
activities cannot be handled together. 
And who can really say that it would 
work out better if you split up the 
two functions?” 

AEC expects to report to JCAE 
early next year; with this and the 
JCAE inquiry then completed some 
basic change in the regulatory picture 
appears inevitable. 
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REACTOR NEWS 


ENTHUSIASM DESPITE PESSIMISM ON A-SHIPS 


Although economic analyses presented at the Atomic 
Industrial Forum’s conference on nuclear merchant ships 
in Philadelphia tended to the conclusion that A-ships 
would not be economical for some time, most of the 
pessimists themselves offered either exceptions (in the 
form of special applications) or warnings that prospects 
cannot be measured in terms of present economics alone. 
Said Louis Roddis, chairman of the Maritime Research 
Advisory Committee, National Academy of Sciences: 
“Our limited imaginations now preclude anything like 
a true view of the relative economics today. It should 
be remembered that the first Savannah was probably 
not viewed as an economic or commercial success either. 
. . » Steam power was, and is, much more expensive 
than sails.” Geo. G. Sharp Inc.’s David L. Gorman said 
“on the Pacific run the [nuclear] express passenger liner 
appears to be fully competitive with the conventional 
ship at 31 knots, and very nearly so at 26 knots.” And 
Maritime Reactors Branch Chief Richard P. Godwin re- 
ported studies showing that, for marine boiling-water 
reactors for tankers, capital cost has come down from 
$550/shp 2% years ago to $397 today and $260 “near- 
future” potentially; fuel cost, 3.98 mills/shp/hr to 2.98 
to 2.65; and plant weight 306 Ibs/shp to 210 to 188. 


PWR BACK ON LINE 

The Shippingport reactor went back on the line May 6 
with the second set of seed (enriched) fuel elements in 
its first core. Within 24 hours it was up to full power 
—60 Mwe. (Higher powers to utilize the 100-Mwe 
turbine capacity will not be attained until Core 2.) 


INDIAN POINT VESEL INSTALLED 

The 230-ton reactor vessel for Con Edison’s Indian Point 
plant arrived by rail in Jersey City from Babcock & 
Wilcox’s Barberton, Ohio, works on April 27. Next day 
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it was barged 24 miles up the Hudson to the site, and 
negotiated the last few yards by truck (see photo.) The 
monster is 35 ft long, 14 ft dia, is 7 in. thick (carbon 
steel clad with stainless) . 


KIWI-A PRIME NEARING COMPLETION 


Cold flow tests have begun on a mockup of Kiwi-A 
Prime, the second reactor experiment in the Rover nu- 
clear rocket program, to test control instruments, 
diagnostic sensors and hydrogen propellant system. 
Kiwi-A Prime is to go critical this summer. 


SRE CORE REHABILITATED 


Repairs to the Sodium Reactor Experiment’s core have 
been completed and the second charge of fuel elements 
is about to be loaded. A total of 13 moderator cans— 
zircaloy-clad hexagonal graphite columns with a central 
fuel channel—had to be replaced after last July’s mishap 
(NU, March ’60, 29). Atomics betel hopes to 
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be back in operation with SRE, using the new thorium- 
uranium fuel elements, this month. 


NEW REACTOR GROUPS AT AI 

A Compact Power Systems Dept. and a Reactor Physics 
and Instrumentation Dept. have been formed at Atomics 
International to keep up with growth in advanced re- 
actor projects. The former will concentrate on the 
SNAP reactors for auxiliary space power—the 3-kwe 
SNAP-2 (NU, Dec. 59, 24; May ’60, 24), the 30-kwe 
SNAP-8, and the thermoelectric direct-conversion SNAP- 
10; it will be headed by Ralph Balent with J. R. Wetch 
as his deputy. The latter, under Marlin E. Remley, will 
cover physics measurements, critical riments, com- 
puter codes and standards, and will conduct the KEWB 
(Kinetic Experiment on Water Boilers) program. 


CRYSTALLINE FUEL FROM SPENCER 


A new type of nuclear fuel promising lowered fabrica- 
tion costs is being introduced by Spencer Chemical Co. 
The Kansas City firm is now able to produce a family 
of crystalline fuel materials: UO:, ThO:, U:Os urania- 
thoria in solid solution, uranium monocarbide and 
uranium dicarbide. A new process yields 
rather than ceramic product; this can be fabricated into 
fuel elements by swaging or by vibrational — 
ing. Spencer points out swaging methods are faster 
and less expensive than sintering to ceramic form; 
also that fuel losses during fabrication are cut from a 
standard 1% with ceramic materials to 0.25%; that power 
efficiency of the fuel is increased because fuel tube 
density is increased from 88-89% to 91-92% of theoretical 
density; and that reprocess scrap is reduced from 15- 
20% to less than 5%. Spencer says the Hanford Works, 
after oq: 6,000 Ib arc-fused UO; prepared by Spencer 
to make fuel rods for the Plutonium Recycle Test Re- 
actor, reported to Britain under the U. S.-U. K. informa- 
tion exchange agreement, “This amounts to a significant 
breakthrough in the preparation of fuel-element core 
material.” 


NEW REACTOR CONSULTING FIRM FOUNDED 


Four veterans of the reactor field, John Gray of Du- 
quesne Light Co. and the senior partners at Pickard- 
Warren-Lowe Associates, have founded a service to aid 
utilities purchasing and operating reactors. Head- 
quarters for the new firm—Nuclear Utility Service Co.— 
is 1518 K St., N.W., Washington, D. C. Its role will be 
to help utilities ordering reactors—but inexperienced on 
the operating side—with their technical and management 
problems. It will be particularly geared to aid on 
choice and purchase of nuclear fuel; utilization of nu- 
clear cores; safety and economy of operation and main- 
tenance activities, including waste disposal; and economic 
and management matters. F. H. Warren is chairman; 
Gray, president; and James Pickard and William Lowe, 
board members. Technical director and vice-president 
is Warren F. Witzig, a Bettis veteran. 


REACTOR LICENSING ACTIONS AT AEC 


AEC Hearing Examiner Samuel W. Jensch has approved 
a construction permit for the 75-Mwe boiling-water re- 
actor of Consumers Power of Michigan; construction 
will begin this month . . . Northern States Power Co. 
has received a construction permit for its Sioux Falls 
boiling superheat reactor . . . Dresden got a provi- 
sional full-power license, but will have to report back 
to AEC on stepwise progression to 180 Mwe before 
getting its final, 40-year operating license. 


25 





WORLD NEWS 


Brazil to Invite Bids on 150—200-Mwe Reactor 


Brazil will invite bids this year on a 150—200-Mwe 
power reactor to be built on the Mambucaba river near 
Angra dos Reis on the seacoast between Rio de Janeiro 
and Santos, Brazil’s National Nuclear Energy Commis- 
sion chief, Rear Admiral Octacilio da Cunha, told 
NUCLEONICS. Kennedy & Donkin of London has been 
given the job of preparing studies and specifications. It 
will work with Internuclear Co. of Clayton, Mo., as specs 
are to be drawn up for both natural and enriched 
uranium reactors. Prospective bidders would get 6-8 
months for study and bid preparation. The reactor’s 
start of operation is expected “not before 1964,” Admiral 
Cunha said. Total cost is placed at $45-60-million. At 
least 30% is to be manufactured in Brazil. A second 
power reactor is contemplated for a site near Brasilia, 
the new capital. 

Other Brazilian developments last month: 1. First 
laboratory production of nuclearly-pure uranium was 
achieved at the Atomic Energy Institute of the Univ. of 
Sao Paulo. The method used, details of which are 
being kept secret, is reported to be a Brazilian system 
processing monazitic sands to obtain first sodium uranate, 
then from that ammonium diuranate, which is purified 
and transformed into uranium oxide wafers or slugs 
5-in. in dia and height. A pilot plant now in operation 
has an output of 250 kg/month, and is expected to reach 
1 ton/month next month. Brazil hopes the development 
will lead to her becoming independent of foreign sources 
for nuclear fuel. 

2. Experimentation also at the Sao Paulo Institute is 
proceeding on isotopic separation of uranium using three 
experimental centrifuges imported last year from West 
Germany. Admiral Cunha told nucieonics results so 
far show the centrifuge method technically and economi- 
cally promising. If this is not borne out by further 
work, _ said, Brazil will turn to gaseous diffusion. 

8. A plant is being built at Pocos de Caldas in Minas 
Gerais state to process sodium uranate obtained from 
zirconite ores. Output would be 30 tons/yr of the 
uranate; completion, in about two years. Two addi- 
tional processing plants are being considered—a second 
at Pocos de Caldas, another at Sao Paulo. 





U. S. May Give France U-235; Japan Gets More 


France may get highly-enriched uranium from the U. S. 
for her Rapsodie fast-reactor project, as a result of AEC 
Chairman John McCone’s four-day official visit to France 
in late April. An act of Congress would be required to 
effectuate McCone’s offer of 40% or 50% enriched U if 
the French want it: the present bilateral sets a 20% limit 
on enrichment of U the U. S. may furnish. Supply of 
U. S. plutonium was not discussed (Rapsodie, France's 
first fast reactor, will be fueled with a mixture of 
uranium and plutonium) . . . Japan will get about 100 
kg more 20%-enriched U from the U. S. to fuel three 
new critical facilities at Tokai Mura: a semi-homo- 
geneous, a homogeneous and a fast breeder unit. This 
will bring U. S.-fueled reactors to five in Japan. 





Mallinckrodt in Another International Firm 


Germany's top nuclear fuel firm, Degussa, of Frankfurt, 
is os Hale a joint subsidiary with Rio Tinto Manage- 
ment Services Ltd. of London (affiliate of the big 
Canadian uranium producers) to carry on Degussa’s re- 
search and development work on nuclear fuel. Mallin- 
ckrodt will take a 10% share (initial capital $950,000) 
of the new firm, NUKEM Nuclear Chemie und Metal- 
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lurgie GmbH, as soon as it’s formally founded. Mean- 
while NUKEM has already taken over Degussa’s “atomic 
village” at Wolfgang near Hanau, where uranium and 
thorium metal and compounds, ceramics, natural and 
enriched fuel elements and control rods are produced. 
. . « Mallinckrodt also affiliated a month earlier with 
Italy’s big chemical firm, Montecatini; Anglo-American 
Corp. of South Africa; and Englehard Industries, Inc. 
of Newark, N. J., to form Italatom, a nuclear fuel-mate- 
rial firm with headquarters in Milan. Italatom will 
supply natural, enriched and depleted uranium and 
thorium compounds and uranium metal on the inter- 
national market; Mallinckrodt will supply know-how. 


Spanish Industry to Aid Junta Reactor 


Private enterprise, in the shape of CENUSA (Centrales 
Electricas Nucleares Unidas S.A.) has pledged financial 
aid and technical cooperation to the Junta de Energia 
Nuclear (Spain’s AEC) in the latter’s plan to build a 30- 
Mwe organic moderated power-and-test reactor. The 
two have chosen a site at the Picadas in Alberche valley 
47 mi W of Madrid for the Atomics International re- 
actor, and will jointly operate the plant when completed. 





Spaak to Head Euratom Supply Agency 





Fernand Spaak, son of Belgium’s great statesman Paul- 
Henri Spaak, resigned as deputy director of the anti- 
cartel division of the Coal and Steel Community effective 
May 1, having been appointed head of the Euratom 
Supply Agency. His appointment is regarded as evi- 
dence the Euratom Commission intends to make the 
Agency operative. Officially it began functioning April 
1, 1959, but its staff of four has been essentially inactive 
since its first head, M. De Schrijver of Belgium, left the 
post. Another earnest of Euratom’s intentions: the 
Supply Division within Euratom has been abolished and 
its director-general, Martin Euler of Germany, trans- 
ferred to President Hirsch’s office. Euratom has always 
wanted to operate the Supply Agency but was delayed 
by the French position that surplus production of fission- 
able material rendered the Agency needless. Now with 
the proposal that U. S.-supplied fuel be leased instead 
of sold, functioning of the Agency becomes a necessity. 
It is expected to proceed at first by simply authorizing 
private purchase contracts, but notification to it of fuel 
transfers will become compulsory. 


New Ambitious Program in Germany 





West Germany’s Atomics Ministry has suggested, and 
the advisory Atomics Commission has approved, a new 
program under which one 50-Mwe and four to five 20- 
Mwe reactors of German design would be built. The 
50-Mwe unit, a Siemens pressurized-tube water reactor, 
would cost $30-million which, like the cost of the smaller 
reactors, would be underwritten by the Federal govern- 
ment in Bonn. The other four include pilot plants by 
AEG, Brown Boveri, Deutsche Babcock & Wilcox, In- 
teratom, and possibly M.A.N.; these are apparently 
contemplated primarily as export items. . . . The Asso- 
ciation for Nuclear Energy Utilization in Shipbuilding 
and Shipping of Hamburg, which had planned to install 
an organic reactor in the tanker Esso Bolivar, is now 
planning a new, 15,000-ton tanker instead after it was 
found conversion would cost only $1.4-million less than 
construction of a new vessel. Plans now are to test not 
only the Interatom organic reactor but also an AEG 
boiling and a Siemens pressurized water until in the ship, 
one after the other. 
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NEWS 


AEC Takes Two Steps to Encourage Private Industry 


AEC last month announced a second recent move under 
a continuing program to minimize competition with 
private industry. The Commission said it had instructed 
General Electric, operator of Hanford Works, to solicit 
industry proposals to supply enriched-U billets for the 
New Production Reactor. Earlier, AEC had confirmed 
that it was holding up an expansion of fuel-reprocessing 
capability at Hanford and three other AEC installations, 
pending completion of a reprocessing study by the six- 
company Industrial Reprocessing Group (NU, Jan. ‘60, 
24), 

NPR Billets. Interested industry suppliers for slightly 
enriched billets to be used for NPR fuel elements were 
invited to a bidders’ conference at Richland, Wash., May 
20. AEC would supply the U hexafluoride material 
and industry would convert it into billets for delivery 
beginning in September. The fuel elements themselves 
were expected to be manufactured at Hanford. In- 
dustry oificials said they welcomed the opportunity to 
bid on the billets but that they wanted to see the 
billet specifications before taking the proposal too 
seriously. 

The industry also indicated that it was concerned 
about being able to meet the September delivery—par- 
ticularly if a contract is not awarded until Aug. 1 or so. 
Despite these industry misgivings, AEC officials said 
they were hopeful industry could take on this work and 
preclude AEC’s having to build $1.8-million in new or 
expanded facilities at Fernald, Ohio. September and 
October deliveries would be only 10 billets each, they 
emphasized, then building up to 60 tons/month later 
in the contract period ending May, 1962. 

Fuel Reprocessing. AEC is holding up planned ex- 
pansion plans at Hanford, Idaho, Oak Ridge and 
Savannah River (NU, Dec. ’59, 24) until the Industrial 
Reprocessing Group can decide this summer whether it 
will build a private reprocessing facility. Davison Chem- 
ical Co., which is conducting the study with help from 
Bechtel Corp. (on construction-cost estimates) and 
Weinrich Associates (on process engineering), is shoot- 
ing for a July 1 deadline. Davison is offering virtually 
no new reprocessing technology of its own; rather, it is 
conducting a comprehensive investigation of current 
AEC technology and, by adding a little ingenuity, hopes 
to come up with acceptable economics based entirely on 
known technology. Davison’s five utility partners are 
willing to pay a premium for independence from AEC 
but no more than 15-20% above AEC’s prices. 


Canadians Launch Campaign to Form Trade Group 


A campaign for -eegreaee in a proposed Canadian Nu- 


clear Assn. has been launched under the aegis of a 15- 
man steering committee. “If sufficient favorable replies 
are received to [its invitation],” the steering committee 
said, “. . . immediate steps will be taken to establish 
the association formally.” Meanwhile, four subcommit- 
tees have begun studies of by-laws, financing, publicity, 
etc. Steering committee members: J. L. Olsen and G. 
Barron, Canadian General Electric; D. G. Andrews, 
Univ. of Toronto; J. E. Hore, Rio Tinto Mining; R. W. 
Boyd, Foster Wheeler; R. Cairns, Canadian Westing- 
house; S. Clarkson, Ontario government official; H. 
Dowdell, British American Oi; K. V. Hansen, British 
Metal Corp. and Gunnar Mines; T. Kampfmueller, Con- 
solidated Denison Mines; G. McKenzie, AMF Atomics; 
P. K. Peterson, Orenda Engines; H. Reimer, James 
Richardson & Sons; F. M. Smalley, Canadian Bechtel; 
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and D. Y. Timbrell, representing a banking and an 
accounting firm. 


Reorganize AEC’s Reactor Development Division? 

A possible reorganization of AEC’s Reactor Develop- 
ment div. is under unhurried consideration by Division 
Director Frank Pittman. There is neither a concrete 
plan nor any urgency to the matter, according to AEC 
sources; rather, it is something that Pittman is thinking 
about. He feels, first, that there are too many assistant 
directors in the Division (eight now); and, second, that 
it might improve administration of the reactor program 
to put each major concept under one manager. Taking 
pressurized-water reactors as an example, such a plan 
would assign them to one office where several are now 
involved—Army Reactors Branch, Navy, Maritime, etc. 
Ironically, even while Pittman was reported thinking of 
such a move, Chairman John A. McCone was discussing 
with the National Aeronautics and Space Administration 
the creation of two more AEC reactor branches for nuclear 
rockets and advanced reactor concepts (see page 23). 


EJC, Forum Fail to Agree on Trade Show Compromise 


The Atomic Industrial Forum has rejected a proposal of 
the Engineers Joint Council that both groups cancel in- 
dustry trade shows scheduled for Chicago next year. 
EJC had proposed that dual cancellation would open the 
way for negotiations on one all-industry show in 62 and 
periodically thereafter. However, the Forum felt 
strongly that the nuclear field was not properly repre- 
sented by an organization as broad as EJC, so the Forum 
plans to continue with its AtomFair concurrent with the 
winter meeting of the American Nuclear Society. 

Despite the Forum's refusal to cancel the ‘61 Atom- 
Fair, EJC voted to cancel its tentatively-scheduled ‘61 
Nuclear Congress. EJC said it would hold the ‘62 Nu- 
clear Congress at the New York Coliseum in the first 
week of June and at 2-3-year intervals thereafter; EJC 
officials also said it would renew its plea to the Forum 
to join in and would invite ANS, as well. 


ORNL Scientists Fail to Find Radiation Threshold 
W. L. Russell and Elizabeth M. Kelly, Oak Ridge 
National Laboratory, have reported to the National 
Academy of Sciences that their attemps to find a thresh- 
old for radiation-induced mutations have been un- 
successful. The two lowered their dose rates to mice 
from 90 roentgens per week to 10 r/wk, then compared 
the mutations at the lower rate with nonirradiated 
animals. Mutations at 10 r/kw, they said, were “signif- 
icantly higher” than with control mice and comparable 
with the number obtained at 90 r/wk. “Thus,” they 
concluded, “there is no indication of a threshold dose 
rate (a dose rate below which no mutation occurs) even 
when the dose rate is reduced to this low level of 10 r/ 
wk. This is the lowest dose rate ever tried in labora- 
tory mutation-rate experiments with animals.” 
Meanwhile, the National Academy of Sciences- 
National Research Council issued an updating of its 
1956 report on radiation. Its major conclusion: “In 
general, the potential hazards associated with radiation 
sources are being recognized by an increasing number 
of those responsible for their operation. . . . There are 
still many unknowns, and research on a wide front is 
urgently needed. As new information is gained, man 
can expect to derive increasing benefits from the release 
of nuclear energy with a minimum hazard to himself 
and his descendants.” 
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RADIATION NEWS 


Martin Withdraws License Bid for Big Radiation Lab 
Site problems have prompted Martin Co. to withdraw 
temporarily its application to AEC for permission to 
build a 4-cell, $750,000, high-level strontium-90 process- 
ing facility at the company’s headquarters outside of 
Baltimore (NU, Apr. 60, 31). The application was 
withdrawn on Apr. 11 after AEC informally ruled out 
the site as lacking a large enough exclusion area; the 
design itself was acceptable to AEC, it is understood. 
Martin wants to build the facility to process strontium-90 
for isotopic-powered generators; Sr” is fairly difficult to 
handle, on the one hand, and, on the other, would be 
processed in quantities far greater than in any other 
AEC-licensed facility built to date. AEC feels these 
two factors call for a particularly careful safety review. 
To this end, AEC has called on its fire-protection and 
health-and-safety experts for consultation on the Martin 
application; in addition, a member of the Advisory Com- 
mittee on Reactor Safeguards has also been brought in. 
The project is still very much alive and is being 
encouraged by AEC. Next step by Martin is to locate 
a site in Maryland giving 2,000 ft of exclusion area. 
High Voltage Acquires Applied Radiation Corp. 
Two of the nation’s largest makers of radiation machines 
—High Voltage Engineering Corp. and Applied Radia- 
tion Corp.—have agreed to merge. HVEC is giving 
Arco stockholders one share of its stock for 10% shares 
of Arco stock. The exchange will give HVEC con- 
siderably more than half—or controlling—interest in the 
Walnut Creek, Calif., firm. Arco will continue to oper- 
ate out of Walnut Creek and maintain its corporate 
identity. It builds microwave linear accelerators and 
Cockcroft-Walton machines, pretty much complementary 
to HVEC’s emphasis on Van de Graaff machines. The 
merger was subject to California court review. 


House Committee ‘Easy’ on Isotope Dev. Program 

For the first time in three years, the House Appropria- 
tions Committee refrained from attacking AEC’s Isotope 
Development Program during hearings on AEC’s request 
for: $4.5-million for the fiscal year beginning July 1 
(fiscal 61). The ‘59 and ’60 programs had been at- 
tacked by the Committee on several grounds, including 
the complaint that the government should not spend 
funds to develop technology which has brought industry 
such important savings. This year, the Committee 
asked only two questions on the program, neither hostile 
to it. is “quiet” reaction to the budget request in- 
dicated the Committee might not make the usual deep 
cuts (the Committee actually appropriated $4-million 
on May 20). Some current highlights of AEC’s isotope 
activities: 

1. The Fission Product Pilot Plant (F3P) at Oak 
Ridge National Laboratory has been cleared for reactiva- 
tion on a high-priority basis, after a several-month shut- 
down in connection with last fall’s plutonium explosion 
(NU, Jan. 60, 28). ORNL expected to get the plant 
back into production by July 1 and to complete all 
modifications to it by August or September; F3P pro- 
duces strontium-90, cerium-144, cesium-137, promethi- 
um-147 and technetium-99 from waste fission products 
of the Thorex fuels-reprocessing facility. Thorex con- 
tinues shut down, pending a safety review like that given 
FSP, and ORNL is turning to other sources for F3P 
feed material. Idaho Chemical Processing Plant is such 
a source but its fission products must shipped in 
solution—a more e ive alternative than shipment in 
solid form from Hanford. ORNL and Hanford are de- 


signing a cask to handle up to 500,000 curies of material 
taken directly from the production plants there, then 
evaporated for shipment to ORNL. ORNL will go out 
on industry bids be construction when design is com- 
plete and okayed on safety. 

2. Under the Isot Development Program (IDP), 
Arthur D. Little, tig begun a basic research investi- 
gation of the possibility of inducing ion-molecule re- 
actions in organic chemicals by trapping electrons formed 
when these chemicals are ionized. The work is being 
— by E. I. Heiba. Challenge is to learn how to 
trap electrons. The approach will be to experiment 
with chemical additives promote entrapment (NU, 
March ’60, 134). Over-all effort, which will probably 
go beyond the first year’s contract, is two phase: 1. ex- 
ploratory work with different additives for products and 
yields; and 2. radiation quality studies, including effect 
of varying dose rates and different es of radiation. 

3. The Office of Isotope Development, which is 
directing the new Civilian Food Irradiation Program, 
has designated Brookhaven National Laboratory design 
agent for irradiators under the Program. The assign- 
ment includes design studies on food irradiators re- 
quested by the Joint Committee on Atomic Energy (NU, 
May ’60, 20). Two irradiators are already scheduled for 
construction. Brookhaven will design and build the first 
of these within the next few months; industry will be 
asked to bid on the second. AEC said it was thinking 
of basing the latter on a design of Associated Nucleonics 
for medical supplies (NU, Nov. ’59, 190). Several 
irradiator firms have privately complained of AEC’s 
decision to build the first source itself but AEC officials 
point out that industry bidding would delay the project 
beyond June 30, when available funds could no longer 
be used. 


Phillips Ships High-Activity Co” to Argonne Hosp. 
The hottest cobalt-60 ever irradiated at the Materials 
Testing Reactor, Idaho, has been installed in the Univ. 
of Chicago’s 6-year-old cancer-therapy machine at 
Argonne Hospital; MTR is operated for AEC by Phillips 
Petroleum. The 3,600-curie source was irradiated over 
a period of almost four years to a specific activity of 308 
curies/gm; MTR’s hottest cobalt up to this shipment had 
been 240 curies/gm. 


AECL Wins Bidding on Walter Reed Irradiator 

With a $15,200 bid, Atomic Energy of Canada, Ltd., last 
month won a contract from Walter Reed Medical Center 
to supply a small cobalt-60 irradiator for bacteria-carry- 
ing test tubes. WRMC is carrying out a radiation- 
effects program for the Army. er bidders were: 
Radiation Applications, Inc.; Cook Electric’s Nucledyne 
div.; U. §. Nuclear Corp.; Isotopes Specialties Co.; 
National Lead Co.; and Budd Co. 


Atomium Corp., Perkin-Elmer Form Unique Affiliation 


Perkin-Elmer Corp. Norwalk, Conn., has acquired a 
substantial interest in the less-than-year-old Atomium 
Corp., Waltham, Mass. (NU, Sept. 59, 157). The 
affiliation is an unusual one in that the two firms have 
provided for subsequent merger or disassociation, de- 
pending on how they get along with each other over the 
next several years. P-E would acquire the balance of 
Atomium’s stock in five years if this is mutually agree- 
able. The arrangement permits Atomium to do more 
development work, using P-E’s marketing force for non- 
speciality items now under development. 
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GM or Scintillation Reversible Card 





100 KC or 1 MC Decade Scaler 





Now From RCL 


Selector Card 
Pos. or Neg. Polarity Selector Card 





Preset Count Integer Selector 





Direct Reading Heliodial on 500-3000V 
Transistorized Power Supply 


Preset Time Selector 








TRANSISTORIZED BUILDING-BLOCK NUCLEAR INSTRUMENTS 
Linear Amplifier... Scaler... Timer... High Voltage Power Supply 


ALL IN ONE COMPACT CABINET 


FIRST IN A SERIES* 

These four instruments are the first in a line of transistorized 
building-block nuclear instruments from RCL. Each instrument 
features transistorized reliability; modular construction; built- 
in electronic gating circuits; and plug-in etched circuit boards. 
Individual modules may be interchanged or combined to pro- 
vide many basic functions and combinations. In addition, 
etched circuit boards may be substituted within individual 
modules to produce extreme flexibility and versatility of 
application. 


The modules and etched circuit boards pictured above can be 
combined to form an extremely sophisticated scaler or, if 
desired, more modest (and less costly) but highly useful ones. 
All scalers feature an in-line Nixie count display, in-line time 
register display and direct reading dials for continuously variable 
preset count functions. 


MODULES ARE AVAILABLE INDIVIDUALLY 
OR IN COMBINATIONS 

Linear Amplifier can withstand input pulses up to 100 times 
greater than those required for full output, with fast recovery 
and without double-pulsing. Full scale output is 25 volts. A 
stabilized gain of 1000 with a 100 ohm input attenuator provides 
input factors of 1, 4%, %, Ye, and “Ys. A potentiometer affords 
fine gain variation between these fixed factors. 


Positive or Negative High Voltage Power Supply is 
continuously variable in a single range from 500 to 3000 volts. 


It is controlled by a three-turn Helipot which is accurate to 
* 0.5 per cent with an adjustment precision of = 2 volts. For a 
* 10 per cent line voltage change, high voltage output varies less 
than 0.02 per cent, and a change from no-load to full-load pro- 
duces less than 0.1 per cent variation. Output is read in kilo- 
volts on the Helipot and also is indicated on a panel meter. 
The Power Supply may be used with scintillation, proportional 
and Geiger-Mueller detectors. 


Scaler and Timer operate as a unit in this instrument. The 
Scaler is available with either one MC or 100 KC input. A re- 
versible printed circuit board can accept amplifier output or 
direct GM input. Up to 99,999,999 counts can be displayed on a 
horizontal line of Nixies. The Scaler has five switch-selected 
modes of operation: Preset Count (Any count from 100 to 
99,999,900 in steps of 100); Preset Time (Any time from 0.01 
minute to 999.99 minutes); Manual; Count Only (Timer is 
inoperative.); and Test (line frequency). 


SEND FOR ADDITIONAL INFORMATION 
AND RCL COUNTER 
For complete information on this new line of transistorized 
building-block nuclear instruments, and a copy of the current 
issue of our publication, THE RCL COUNTER, which helps 
you keep abreast of new developments in the nuclear instru- 
ment field, please send your name and address on organization 
letterhead to RCL, Dept. 140. 
* Available Soon: Transistorized Rate Meters and 
Transistorized Single Channel Analyzers 


A RADIATION COUNTER LABORATORIES, INC. 


5121 West Grove « 
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100% inspection of MegopoK thermocouples insures strict adherence to factory standards. Manufacturing area is clean, dry, air-conditioned. 


Get real economy in mineral-insulated thermocouples 
... Specify quality-controlled MegopaK 


Careful quality control often spells the difference of consistent quality and real economy. 

between real economy and just another bargain. In For more information on quality-controlled 
small-diameter, mineral-insulated thermocouples, Megopak, write for Catalog and Price List G100-4 
where the art of production is as critical as the .. . or call your nearest Honeywell field engineer. 


science, strict quality control is your only assurance 
Honeywell 
"a: a + I> Fiu ° 
Bee cmne THE FUTURE iH wt WE Coitrol 


YEA R SiInCE 16865 


insulators are stored in paraffin-sealed boxes, Single-pass swaging of carefully-sized wire- Continuous hydrogen-annealing not only 
then baked to remove last trace of moisture. insulator-sheath assembly produces no distor- produces a ductile, brightly finished product, 
Assemblers wear gloves to prevent contam- tion in wire, insures greater accuracy and but also identifies improperly compacted 
ination of thermocouples. longer life. material which is rejected during inspection. 
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Mngineering by KAISER ENGINEERS 
answers basic plant expansion questions... 


“~ aay! a ween ‘ a y 
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o 
Raw Viate rials ? Your final decision to expand or build results from 


mportant individual decisions. Raw material availability is one of them. Independent 
aspects of your proposed program is the Pre-Engineering service offered by Kaiser 
addition, KE designs and builds all types of power plants—steam-electric, gas 
ned cycle, nuclear and hydro-electric. Whatever your requirements...from Pre- 


analyses through plant design and construction... Kaiser Engineers brings world- 


ce and ingenuity to their solution. 


KAISER > 
ENGINEERS K A | S e Fe aa N G | N a i= = sS engineers - contractors 


Contracting since 1914 
Oakland 12, Calif. — Chicago, New York, Pittsburgh, Washington, 0.C. 


Accra, Buenos Aires, Montrea!, New Deihi, Rio de Janeiro, Sydney, Vancouver, Zurich 





introducing the Foxboro 
d/p cell* transmitter 


electronic 


Transistor amplifier of the Fox- 
boro Electronic d/p Cell can be 
detached for relocation in an acces- 
sible area, so that all transistors 
are removed from possible con- 
tamination. Separate mounting has 
absolutely no effect on accurate 
measurement and transmission. 


32 


Yes, Foxboro has taken its famous pneumatic 

d/p cell transmitter and added to it the bene- 

fits of electronic transmission. Look at the 

results: 

®@ true force-balance design for lowest dis- 
placement — fastest response 

® solid state throughout — no vacuum tubes 
to replace 

@ pressure, flow, and level transmission up to 
several miles without lag 

®@ same body, same performance as thousands 
of pneumatic d/p cells now in operation 

@ ranges from 5 to 850” of water — maximum 
working pressures to 6000 psi 


And then, of course, you get the same positive 
overrange protection, the same high sustained 
accuracy, the same rugged construction that 
has always been standard with the Foxboro 
d/p cell transmitter. 


Foxboro electronic d/p Cells are presently 
in use measuring and transmitting: pressurizer 
level, primary coolant flow, and steam gener- 
ator 3-element feed-water level and flow. For 
full details on this important unit in the Fox- 
boro Electronic Consotrol* family, get in 
touch with your Foxboro Field Engineer. Or 
write for Bulletin 21-10. The Foxboro Com- 
pany, 626 Neponset Avenue, Foxboro, Mass. 


*Reg. U. S. Pat. Of. 


OXBOR 


REG. U.S. PAT. OFF. 
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Accra, Buenos Aires, Montreal, New Delhi, Rio de Janeiro Sydney, Vancouver, Zurich 6231-P 
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radiation would do 
— 
our product or process? 








you could get the answer 

in 24 hours... 

safely—and right in your own plant 
if you had a Picker “Hotpot" 
Cobalt © irradiator like this 

(or perhaps one of the many other 
Picker megarep sources of 


lower-energy radiation). 


For informaton and advice concerning any phase of radia- 
tion-utilization (including radiography and fluoroscopy in 


product inspection and control) please write, telephone, or 
The Picker “Hotpot’ Cobalt 60 irradiator is 
Picker X-Ray Corporation no bigger than your desk, and safe enough 


25 South Broadway, White Plains, N. Y. to keep in your office. 


wire* 


*or contact any local Picker District Office. 
There’s probably one neor you (see local ‘phone book). 


if it has to do with radiation it has to do with 
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ASCO SOLENOID VALVES FOR 


ee ee 


conti VESSELS SUBMARINES POWER PLANTS SURFACE VESSELS 


Pioneering design, development and production 
work has brought about a “first generation” of 
solenoid valves for use in the primary systems of 
water cooled nuclear reactors. 

From ASCO experience, ASCO facilities, and 
ASCO design imagination now come a variety of 
proven solenoid valves to control the flow of water 
in the primary and secondary systems of reactors 
in submarines, surface vessels and industrial 
power plants. Available in many sizes and designs, 
these stainless steel packless type (hermetically 
sealed) valves are distinguished by the highest 
standards of reliability, exceptionally tight seating 
and have been exposed to the most rigid tests 
simulating actual working conditions. 

Beyond the “standard” units shown which are 
already on the job in various reactors, ASCO 
research and development is already involved in 
radically new designs which will be required in 
other types of power reactors, including boiling 
water, gas cooled, and liquid metal. ASCO nuclear 
engineering teams are doing their pioneering work Precision Craftsmanship ...is evidenced by this 
backed by the most advanced nuclear research ASCO machinist’s painstaking care... and in the 


facilities in solenoid valve manufacturing. precision products engineered and manufactured 
by the Automatic Switch Co. 


P In design — development — production — ASCO Modern machinery and production facilities, 
single source responsibility is a warranty of per- coupled with old fashioned pride in workmanship 
formance and quality. are behind the quality line of ASCO Solenoid Valves. 





A few typical 
Solenoid Valves 
supplied for 
the primary system = - Sj 
are tllustrated here 
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ASCO is the only solenoid 
valve manufacturer with its 
own HOT TEST LOOP. 
Here, valves for atomic 
energy applications are 

- subjected to rigid tests, 
simulating actual working 
conditions. 


Modern Laboratory, Research, Testing and Production 
Facilities help keep ASCO abreast of atomic power 
requirements for automatic control. 


r ea 






Proposals submitted upon receipt of specifications. For 
complete information, write for Nuclear Reactor Valve 
Brochure V5055 and complete Solenoid Valve Catalog #25. 


ASUO. 


Ss | Automatic Switch Co. 
W | ASCO Valve: . asomatic switch co. 


52-M HANOVER ROAD, FLORHAM PARK, NEW JERSEY, FRONTIER 7-4600 
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Spencer fused UO: is considered a major breakthrough 
in the economical fabrication of fuel element core 
material. 


On this scale are equal weights of Spencer’s new fused 
uranium dioxide (left) and old-type ceramic uranium 
dioxide. Because of its high density and great purity, 


Spencer Chemical Company Announces 


New Crystalline Nuclear Fuel Materials 





| # the ever increasing efforts of American indus- 
try to attain economically competitive electrical 
power from nuclear fuels, considerable attention 
has been focused upon fuel fabrication costs. 


After concentrated research and development in 
this area, Spencer Chemical Company is proud to 
announce its new family of crystalline fuel ma- 
terials that can be fabricated by simple and in- 
expensive techniques. 


The new Spencer fused UO: was one of the fuels 
selected by the Hanford Works of the U. S. AEC, 
operated by the General Electric Company. 


Recently in the United States—United Kingdom 
exchange of information under the Libby-Cockroft 
agreement, Hanford reported: 


“A 6,000 Ib. lot of arc-fused UO, was re- 
ceived from Spencer Chemical Company. The 
material meets our rigid specifications for 


purity and density. This amounts to a signifi- 
cant break-through in the preparation of fuel 
element core material. The UO, will be fabri- 
cated into both swaged and vibrationally 
compacted PRTR (Plutonium Recycle Test 
Reactor) fuel rods.” 

Initial irradiation tests indicate that the quality 
of the nuclear fuel will increase while the costs 
of fabrication are lowered. 

Crystalline fuel materials currently available are: 

Uranium Dioxide (UO:) 

Thorium Dioxide (ThO:) 

Urania-Thoria in solid solution (UO.-ThO:) 

Triuranium Octoxide (U;0,) 

Uranium Monocarbide (UC) 

Uranium Dicarbide (UC:) 

For more detailed information on Spencer’s new 
crystalline nuclear fuel materials, contact Spencer 
Nuclear Fuels Department at address below. 


SPENCER NUCLEAR FUELS 
Produced by 


He % 


Spencer Chemical Company 


«SPENCER! , 7 ) 
viemmicosy, < _ America’s Growing Name In Chemicals 


General Offices: Dwight Building, Kansas City 5, Missouri 
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Tulip bed for stainless... 


In our Viaduct Plant shear bay this “tulip bed for stain- 
less” is important to you, It is this ball-bearing bed that 
helps our shearmen position plate easily, quickly, effi- 
ciently. But there’s more than speed shown here. Carlson 
engineers modified this modern shear to provide unusually 
accurate cutting of stainless plate to your specifications, 

Equipment of this type, coupled with our thorough 
knowledge of stainless steel, brings you the finest prod- 
ucts... the finest service. For almost a quarter of a 
century it has been our aim to serve you best by pro- 


ducing what you want and delivering it on time. 





G.O,GEVQESOM Zee 
Producers of, Stainleu Steel 


138 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 
PLATES » PLATE PRODUCTS + HEADS + RINGS » CIRCLES + FLANGES « 
BARS AND SHEETS (No. 1 Finish) 





The Fuel Transfer Cask Car for the Enrico Fermi Atomic Power Plant 
located near Monroe, Michigan was designed and built by the Industrial 
Equipment Division of Baldwin-Lima-Hamilton Corporation, Phila- 
delphia. The Power Reactor Development Company is responsible for 
the nuclear part of the plant .. . Detroit Edison for the conventional 
turbine generator part. 

The cask car, which is 21’ long, 13’ high and 10’ wide, consists of 
three sections — a vertical cask for carrying and handling fuel charges 
grouped in sub-assemblies; a heat transfer system for dissipating 
radioactive decay heat from hot elements carried in the cask, and a 
control cab for the car’s operator and instrumentation. 


The rail-mounted, self-propelled fuel service car, ponderous though 
it appears, is designed and equipped to perform intricate fuel handling 
operations not usually associated with such a massive, heavy machine. 
Control of movement is so precise that the cask may be positioned at 
critical points with a margin of error of less than 
1/16”. The transfer of fuel, both fresh and 
spent, is under absolute contro] at all times. 
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1. Building heat-retaining asbestos sheet cocoon 
around “empty” cask on well car. 
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4. Graphite crucible and mold equipment used in 
production of depleted uranium shielding. 


National Lead fabricates gamma 


“ ' 3 Gamma shielding requirements of 

Unusual 40b points Up COMPANY S the Fermi Reactor Cask Car are 
unique, to say the least. The shield- 

- “ 4 ing system is composed of 26 com- 
wide EX Per rvence and extensive ponents — 9 of depleted uranium, 
the balance lead. Of the vehicle’s 

200-ton weight, shielding accounts 


facilities for: for about 85 per cent. 


: In the most critical areas, de- 

@ Construction of shieldments of lead and uranium, pleted uranium has been used. The 
, i castings (see lower photographs) 
with other metals, used alone or in combination. range in weight from 550 lbs. to 
2,078 lbs. They were produced by 


® ° opens ° . Nuclear Metals Division of National 
Complete gamma probing facilities available Lead in the Albany (N. Y.) plant 
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2. Molten lead was pumped from 70-ton pot, with dual pumps, 
through pipes leading to cask on siding. 


5. Vacuum induction furnace room in Albany plant of Na- 


tional Lead’s Nuclear Metals Division. 
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3. Cask with 1434” lead lining prepared for gamma probing 


in outdoor radiation sector. 


6. Group of depleted uranium castings used in cask. Largest 


casting weighs 2,078 lbs. 


shielding for Fermi Reactor Cask Car 


which also makes fuel elements of 
plate, cylindrical and tubular types, 
UO. powder and reactor hardware. 
Plant equipment is capable of fin- 
ished castings up to 4,000 lbs. 

The thickest shielding, 14% 
inches, weighing 65 tons, is in the 
cask car lining. (See upper photo- 
graphs.) 

The molten lead was transferred 
from a 70-ton lead pot by two pumps 
and piped directly into the shielding 
cask shell. 

The completed lead components 
of the cask were examined for in- 


tegrity with gamma probing. The 
larger castings were probed out- 
doors through the use of National 
Lead’s mobile lab. The smaller pieces 
were tested in the new radiation 
laboratory at Perth Amboy, N. J. 


Whether shipped to us by rail or 
truck, large vessels can usually be 
lead-filled, as in the case of the cask, 
without disturbing anchorage on the 


freight car or trailer. Handling 
facilities at our ten plants are such 
that worthwhile savings can be real- 
ized on this phase alone. 

This Fermi cask car job is a prime 
example of the resources and re- 
sourcefulness National Lead brings 
to bear on the fabrication of gamma 
shielding of both uranium and lead. 


Your inquiries are invited. 


IN) ational Becad a 


General Offices: 111 Broadway, New York 6, N. Y. 
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” Weekly News Coverage 


for Nucleonics” 
Readers... 


The McGraw-Hill Publishing Company has inaugurated a 
weekly newsletter—Nucleonics Week—supplementing the month- 
ly news coverage offered by Nucleonics magazine. Official publi- 
cation of Nucleonics Week began on April 28, 1960, and will 
continue on a regular weekly cycle. 





Why Nucleonics Week now? Although Nucleonics’ monthly 
news section has always been very favorably received by our 
subscribers, many have expressed the need for a more frequent 
service. In these next several years, as the industry begins its 
growth, interest in new developments will be great, competition 
for contracts will be severe and knowledge of government and 
Congressional policies and actions will be important. 

. 

For those who have not yet seen the new publication, Nucle- 
onics Week is written in newsletter style—short articles intended 
for fast reading. The subject coverage is similar to that of the 
monthly news section of Nucleonics but a much greater effort 
is being placed on developing behind-the-scenes news. 


Six pages in length, Nucleonics Week is printed by the photo 
offset process, stapled, and three-hole-punched for filing con- 
venience. The final closing date for copy is Tuesday morning and 
it is mailed to subscribers on Tuesday afternoon of each week. 
Augmented by additional personnel, the news staff of Nucleonics 
will prepare Nucleonics Week. Also, the world-wide news bu- 
reaus of McGraw-Hill will be called upon to an even greater 
extent to give subscribers the benefit of the best nuclear report- 
ing team in the world. 


The news section of Nucleonics will be basically unchanged. 
The emphasis in Nucleonics’ monthly news coverage will con- 
tinue to be placed on stories in depth, of a length and character 
that cannot be accommodated in the newsletter. Thus both 
Nucleonics and Nucleonics Week will be needed by those who 
are actively involved in the nuclear field. 


Nucleonics Week is available only to those who are either 
current subscribers to Nucleonics or who become subscribers 
to Nucleonics simultaneously with subscribing to Nucleonics 
Week. The subscription rate for current subscribers to Nucleon- 
ics is $75 per year in North America, $90 per year in all other 
countries (this includes the cost of airmail service). 


A subscription card is enclosed in this issue for your con- 
venience. Write to me at Nucleonics Week if you want further 


information and a sample copy. 


Publisher 
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MODEL 415 features include capability of de- 
tecting current of approximately 1 x 10-4 ampere, 
a 1% mirror scale panel meter. 


new high-speed research 
micro=-microam meter 


Model 415 offers high speed of response, 
accuracy, and zero suppression. 


The new Model 415 incorporates advanced high- 
speed circuitry developed by Keithley Instruments 
for rocket and satellite experimentation — where 
measurements of Lyman-Alpha night glow 
and upper air density require fast response. 


A speed response of less than 600 milliseconds to 
90% of final value at 10°? ampere is possible where 
external circuit capacity is less than 100 picofarads 
(upf). Critical damping of the circuit, with any in- 
put capacity, is maintained on all ranges through 
one infrequent adjustment. There is no possibility 
of oscillation or poor response, on any range. 


Accuracy is +2% of full scale on 10° through 
10* ampere ranges, and +3% of full scale on 
3 x 10° through 10°” ampere ranges. 


The 415 also provides zero suppression up to 100 
full scales, permitting full scale display of one per 
cent variations of a signal. Once suppressed to 
zero, such variations may be observed on any of 
the next four more sensitive ranges without re- 
setting the suppression. 


Excelling other Keithley 400 Series Micro-micro- 
ammeters in speed of response, the 415 is ideal for 
current measurements in ion chambers, photomul- 
tipliers, gas chromatography, mass spectrometry. 


AN OSCILLOGRAM demonstrating response to a current 
step of 10-!2 ampere. Input capacity is 35 picofarads (yyf). 
One major horizontal division equals 200 milliseconds. 


BRIEF SPECIFICATIONS 


RANGES: 10-!2,3 x 10-2, 10-"',3 x 10-"|, etc. to 10-3 ampere f.s. 


ACCURACY: +2% f.s. 10-* thru 10-° ampere ranges; +3% 
f.s.3 x 10-* thru 10-!? ampere ranges. 


ZERO DRIFT: Less than 2% of f.s. per day after warmup. 
INPUT: Grid current less than 5 x 10-“ ampere. 

OUTPUT: 1 v f.s. at up to 5 ma. Noise less than 20 mv. 

RISE TIME: Typical values given in sec. to 90% of final values. 


Cin =50 puf | Cin=150 wuf | Cin = 1500 cvuf 
seconds seconds seconds 





Range 
amps f.s. 


eg ‘ 7 2.5 
1.0 
.250 
-100 
.030 
.010 
.003 
.001 











and above 
PRICE: Model 415, $750.00 





For complete details, write: 
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12416 EUCLID AVENUE 


IA. 
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INSTRUMENTS. 


INC. 


CLEVELAND GCG, OHIO 
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CAMERON FORGINGS 
IN THE SOLAR 


SATURN* ENGINE 


Solar Aircraft Company’s 1,100 H.P. 
Saturn Industrial Gas Turbine Engine 
weighs about 1,000 pounds—its 
unusually efficient performance is set- 
ting new standards in new applications 
for the up and coming gas turbines. 
Increased reliability and versatility in 
gas turbines required something new 
That’s why 


Solar called on Cameron for all the 


in forging performance 


rotating forgings in the Saturn. 


Both pure jet and turbo jet forged 
components from Cameron had 
already hit a new high in forming 
and metallurgical refinement. Proper- 
ties at elevated temperatures consist- 
ently exceeded specifications, often as 
much as 20%. The Cameron forged 
Saturn engine components attest once 
more to the high quality and favor- 
able properties which have become a 
specialty with us. Cameron perfected 
processes have no exact counterpart 
in forging history. Ten years of steady 
success have supplied us with a wealth 
of case histories and technical refine- 
ment. If you design, specify, or pur- 


chase ferrous forgings for demanding 
service (exotic metals, extreme 
temperature, etc.), in conventional or 
unusual shapes, from a few pounds to 
13,000 pounds in weight—just write, 
call or come by. 


*A Registered Trademark of Solar Aircraft Company 


IRON WORKS, INC. 


SPECIAL PRODUCTS DIVISION 
P.O. Box 1212, Houston 1, Texas 





Higher Education for Computers 


“Let’s put the computer in at the start of a problem, rather than 


just having it buzz through the computations.” 


This is the approach being taken by computer specialists at 

the General Motors Research Laboratories as they explore ways of 
giving large-scale digital computers a greater role in the 

solution of problems. The object is to “teach” computers to 
apply the same rules men use in formulating, analyzing, and 


solving questions of modern science and engineering. 


{ recent outgrowth of this work is DYANA, GM Research’s new 
automatic analysis and programming system. DYANA is one of 
the first computer systems to “understand” declarative statements. 
For a large class of dynamic problems, the engineer can simply 
describe his physical system to the computer. The computer 


figures out how to handle it. 


For the solution, DYANA automatically directs the computer to 
prepare a mathematical model of the system, to write its own 
program for solving the model, then to execute the program 


and compute the desired answers. 


The higher education of computers currently involves studies 
in symbol manipulation, problem-oriented languages, 


character and pattern recognition, and engineering simulation. 


Such advanced computer concepts are giving General Motors 
professional people more time for creative engineering and 
research—time to explore ideas and to develop “more and 


better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Comparison of program tapes 
for a vibrational problem 
expressed in DYANA language, 
in algebraic-oriented 

language, and in the basic 
machine language 





CRL manipulators... 
AS OBEDIENT AS YOUR HAND! 


Slave ends of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 

Simplicity of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship . . . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 

Central Research Laboratories will be 
glad to advise you on the handling of 
radioactive materials, explosives, hazard- 
ous chemicals, biological materials—in the 
layout of hot cells—in other research areas, 
too. For complete information, write CRL 
today. 
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Central Research 

Manipulators from basic ‘nla 

Argonne National 

Laboratory design laboratories, inc. 


Red Wing, Minnesota, Dept. 101 
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At 00*00701* GMT, June 1, 1960, 
Martin logged its 557,544 ,000th mile 
of space flight 


ICBM HARD BASE: 


This mammoth excavation, somewhere 
in the United States, will soon be a 
“hard base’”—an almost invulnerable 
underground launch site for the Air 
Force TITAN Intercontinental Ballistic 
Missile. 

It is an important element in the 
United States Air Force Strategic Air 
Command’s mission—to prevent war. 

The job of this TITAN hard base 
and the others like it—is to insure that 
we will have such devastating retalia- 
tory power, even under concentrated 
nuclear attack, that no enemy will con- 
sider war. 

Bases such as this cannot be built 
overnight. It is a credit to the foresight 
of our military planners that the bases 
will be operational concurrent with the 
TITAN ICBMs now in production at 
Martin-Denver and undergoing ad- 
vanced tests at Cape Canaveral. 
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Autoclave and volute assem- 
bly fabricated of stainless 
steel Type 304 by Pittsburgh 
Piping. 


Stainless steel autoclave and volute 


shop fabricated by Pittsburgh Piping 


At Pittsburgh Piping highly specialized methods, 
machines, and apparatus have been developed and 
are employed in fabricating and testing alloy pip- 
ing and related components of nucleonic installa- 
tions .. . a natural out-growth of our experience 
in fabricating high-temperature, high-pressure 
piping for central stations. We pioneered the 
application of austenitic steel piping materials for 
central power stations, and fabricated piping for 


America’s first atomic-powered submarine and 
central station, The autoclave and volute assembly 
is typical of our current activities in’ nucleonics. 
If your work requires test loops, pressure vessels, 
high-pressure piping fabrication, or similar com- 
ponents for nucleonic installations — investigate 
Pittsburgh Piping. Our representative will call 
at your request, or we will be glad to have you 
visit our plant. 





PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR NUCLEONICS 


AND EQUIPMENT COMPANY 


158 49th STREET + PITTSBURGH 1, PA. 





Atlanta... ..Whitehead Building Cleveland...Public Square Building New York. . Woolworth Building 
Chicago. . Peoples Gas Building New Orleans....... P. O. Box 74 
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A-1230 


Rotovaive unit for 2700-psi, 1050 F service 


A must for nuclear reactor service... valves that 


seat tighter with use 


Rotovalve units accurately control or shut off in high- 
temperature, high-pressure reactor applications, Units feature 
lantern ring with double packing, pressurized with the line 
fluid or purged to a bleed tank at lantern ring. 

One example of current manufacturing is a 10-inch Roto- 
valve unit for operation at 2500 psi, 2500 F. Also being en- 
gineered is a 12-inch size for service at 4000 psi, 4000 F. 
Still another type combines a pair of valves within a single 
housing for use on dual, concentric pipes. Inner pipe carries 
1400 F COs to reactor; outer, 700 F CO2 away from reactor. 

Your Allis-Chalmers representative can arrange reactor 
valving engineered to your specific requirements. He also 
supplies a complete line of butterfly valves, including models 
for air-lock valving. Contact him for detailed information, or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. 


Rotovalve 2m Allis-Chalmers trademark 
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Duplex Rotovalve unit features a single operator — controls 
1200-psi, 600 F steam, or 1500-psi, 300 F air. Operator allows 
both vaives to open simultaneously, or one to open while the 
other closes. Saves space vital where entire reactor unit must 
be enclosed in radiation-proof structure. 
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The “slave-hands” of an Al technician handle radioactive materials through a hot cell window 31% feet thick. 


Woodcut by Edward Kysar. 


Let A.I’s experience guide your Nuclear Power Program 
P a } £ 


The largest privately-owned facility in the world for 
remote handling of radioactive materials is located at 
Atomics International’s 290-acre field laboratory near 
Los Angeles. Here the men who pioneered the creative 
peacetime uses of atomic energy are applying their 14 
years of experience to developing advanced nuclear reac- 
tors and associated equipment. 

Much of AI’s work has been on projects for the U.S. 
Atomic Energy Commission. This includes the Organic 
Moderated Reactor Experiment at the National Reactor 
Testing Station in Idaho and the Sodium Reactor Experi- 
ment, in California. AI has also built and is operating 
SNAP II, a 220-pound prototype reactor designed to pro- 


duce 3 KW of electricity for space vehicles. 

With some of the most sophisticated facilities in the 
world at their disposal, the men at AI are now conducting 
studies for large power station reactors in the United 
States and Europe. Two reactors are now actually under 
construction under AEC programs—an Organic Moder- 
ated Reactor in Piqua, Ohio, and a Sodium Graphite 
Reactor in Hallam, Nebraska. Smaller research reactors 
have been built by Atomics International for Denmark, 
Germany, Italy, Japan, Puerto Rico and several sites in 
the U.S.A. 

For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICS. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, 


INC. 


PIONEERS IN THE CREATIVE USE OF THE ATOM . 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland. Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany and DYNATOM, Paris, France, 
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Whatever your reactor materi 

may be, the Davison Division of W. R. 

Grace & Co. has a complete selection Natural or enriched . . . powder, 
of uranium or thorium metals and pellets, rods, ingots, buttons or 
oxides. Look to Davison for assistance derbies . . . in precise grades... 
with A.E.C. licensing, shielding as- in all enrichments . . . highest 
semblies and scrap recovery. Contact purity ... now supplied by 
Davison now for complete information. Davison in tonnage quantities. 





DEPARTMENT A-06 


“2.6 eases | 


ERWIN, TENNESSEE 
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This unique aluminium 
vessel is the pressure 
vessel of the highest 
fluxed reactor in Europe 


The BR2 Reactor, now under construction at the Centre 
d'Etudes de |’Energie Nucléaire at Mol, Belgium, is an 
engineering and test reactor of advanced design by NDA. 
Its skewed configuration allows a closely packed array 
in the active region of the core as well as a sufficient 
spacing at the top and bottom of the pressure vessel 
for separate openings and separate seals for each 
fuel element, control rod and experimental tube. 


The BELGIAN FIRM ACEC HAS BEEN ENTRUSTED 
with the construction of the aluminium pressure 
vessel which is approximately 25 ft in length 
with a maximum wall thickness of 2.5 in. 
ACEC is today one of the largest European 
firms specialized in the manufacture of 
nuclear equipment. 


ACEC-Charleroi is also con- 
structing a number of other 
important itemsofequipment 
for the BR2 Reactor : main 
coolant pumps, auziliary 
system pumps, control rod 
and drive mechanisms, 
contro] circuits, emergency 
power units... 


Lo za 4 
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MINDS, 
METHODS 


MACHINES 


. are Ex-Cell-O’s tangible assets for creative 
manufacturing to your precise specifications. 
Ex-Cell-O, its divisions and subsidiaries are 
equipped and ready to apply 40 years of experi- 
ence in problem-solving to the production of a 
remarkable array of precision products, services 
and facilities which are immediately applicable 
to the nuclear industries. —, If the answers 
to your particular needs do not appear in the 
abbreviated directory at right, call us, or send 
us your requirements. —y, We think you will 
find Ex-Cell-O’s vigorous minds, stimulating 
methods and tireless machines an able, de- 
pendable adjunct to your own resources. 


EX: CHIL-0 
CORPORATION 
OETROIT 32, MICHIGAN 


Cire 


We invite you to personally explore our facilities and talk to 
our personne! about how Ex-Cell-O’s specialists in precision 
can help you.——, Address Ex-Cell-O Corporation, Detroit 
32, Michigan, or call TOwnsend 8-3900. Teletype address: 
TWX—DE175.—y Your inquiry or requests for quotations 
will receive prompt attention. 60-52 
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EX-CELL-O CORPORATION 


Actuators—linear and rotary 

Servomechanisms 

Control rod drives 

Remote handling equipment, manipulators 

Precision forming of exotic metals, ceramics, lavas 

Computer programmed, tape controlled machine tools 
Remote controlled machine tools for hot cell use 

Electrolytic and electrospark precision metal 

removal equipment 

Custom and standard machine tools 

Precision machined parts, SS ee to 1x 10°" 
Liquid metering and control sy ponents 

Precision ferrous castings 

Research and development progra 

Manufacturing and engineering facilities: 1,490,000 square feet 


Cllae 


CADILLAC GAGE COMPANY 
Servovalves 

Servoactuators 

Servomechanisms—systems arid sub-systems 








Supersensitive sensing devices and systems 
Superfine parts and assemblies—tolerances to 1 x 10" 
Superaccurate gaging and measuring equipment— 


tolerances to 1 x 10 { 
Superfine parts and assemblies i in lavas, ceramics and cermets— 


tolerances to 1 x 10” 
Manufacturing and engineering facilities: 86,000 square feet 


- ICHIGAN TOOL COMPANY 


Special and standard gear generation and fabrication 
Gear production uipment—workpieces more than 200”D. 
Precision cold working ‘‘chipless’’ machining equipment, for 
—. threads, worms, etc. 

Itraprecision indexing equipment—accuracy capability 


= 7x10" arc in 12”D. 
Massive machined detail components and assemblies 
Manufacturing and engineering facilities: 380,000 square feet 


BRYANT 


BRYANT CHUCKING GRINDER COMPANY 


e High speed digital recorders—custom and standard 

e Computer accessories 

@ Precision internal grinding machine tools and accessories 

@ High speed, air bearing electric rotational equipment 

@ Manufacturing and engineering facilities: 140,000 square feet 


ACCURATE BUSHING COMPANY 


Close tolerance needle bearin 
Close tolerance hardened steel bushings 
Close tolerance miniature parts and assemblies—tolerances to 


1x 10°" 
Iso-elastic bearings 
Manufacturing and engineering facilities: 55,000 square feet 


CTW) 


CONTINENTAL TOOL WORKS DIVISION 


e@ Precision metal removal equipment 

@ Standard and special —— tools 

@ Carbide and high speed stee! cutting tools 

@ Milling cutters, broaches, boring and turning tools 

@ Manufacturing and engineering facilities: 90,000 square feet 
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by Sandusky 


SOLVED: 


This photo, showing the Sandusky cylinder welded into position, courtesy of the Lummus Company, New York. 
New York who fabricated, assembled and tested the completed loop before shipping it to the ETR site in Idaho. 


Nuclear Test Loop Uses 
Sandusky Centrifugal Casting as Pressurizer Cylinder 


A Sandusky Centrifugal Casting is the main cylin- 
drical component of an electrically heated pressur- 
izer, designed by Knolls Atomic Power Laboratory to 
Section VIII, of the ASME Code (Unfired Pressure 
Vessels) for use in the new Engineering Test Reactor 
facilities at Idaho Falls, Idaho. 

This 66%” long cylinder, 27” O.D. with walls 2%” 
thick, was centrifugally cast of an 18-8 stainless steel 
(SA-351, Grade CF-8) for the extra corrosion resist- 
ance required under nuclear loop service conditions: 
demineralized water at temperatures to 650°F and 
pressures to 2500 PSI. 

O. G. Kelley Co., Boston, to whom we delivered 


ai 


4 


SANDUSKY iS) 


Centrifugal Casting 


this 2-ton, fully machined cylinder, welded on the 
forged heads and nozzles, radiographed the welds, 
and hydro tested the completed vessel to 4300 PSI. 

This is another example of the adaptability of San- 
dusky Centrifugal Castings to applications demand- 
ing the highest order of quality. They may well offer 
you a practical and economical answer to your cylin- 
drical needs, also. 

We are producing cylinders and piping in diame- 
ters from 7” to 54”—in lengths to 33 ft.—in a wide 
range of ferrous and non-ferrous alloys. Write for 
Bulletin 300, for more complete technical information 
on the Sandusky process and product application data. 


CENTRIFUGAL CASTINGS 


FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO— Stainless, Carbon, Low-Alloy Steels —Full Range Copper-Base, Nickel-Base Alloys 
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In your health and safety program.. 


ol 


IN YOUR PE 


N 
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THROUGH BIO-ASSAY 


Economical, precise, rapid analyses, to detect 
radiation exposure of personnel ...are per- 
formed in an area specifically designed for 
low level assays... by the NucLear Assay 
Division of Biochemical Procedures. 


OBJECTIVE INDEPENDENT SURVEYS 
PERFORMED BY AN 
ESTABLISHED LABORATORY 


Biochemical Procedures has been performing 
specialized assays for many years for medi- 
cal institutions, hospitals, and laboratories 


MPLES 


throughout North America. Cognizant of 
the need for routine programs for checking 
accidental ingestion or inhalation of radio- 
active materials by employees, it now brings 
its scientific knowledge to the Nuclear 
industry. 


WIDE RANGE OF MEDIA ANALYZED 


Materials of almost any origin may be ana- 
lyzed by the Nuclear Assay Division: filter 
media, soil samples, water, urine, feces, spu- 
tum, breath, nose wipes, blood, swipes from 
suspected contaminated areas, etc. 


MAY BE FORWARDED BY MAIL. REPORTS ARE PHONED OR AIRMAILED. 


Write for full information and fees. 


“The Laboratory A; We Laboratories” 


IOCHEMICAL PROCEDURES 


NUCLEAR ASSAY DIVISION 


12020 CHANDLER BOULEVARD 
NORTH HOLLYWOOD, CALIFORNIA, U.S.A. 
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CRITICAL FACILITY TANK at Greendale Laboratories measures 12 ft deep with a 9-ft diameter. 


Allis-Chalmers 

has had a major stake 
in the power industry 
for over 60 years 


ALLIS-CHALMERS GREENDALE RESEARCH and development 
center for nuclear power includes the critical facility con- 
taining a full-scale mock-up of the Pathfinder reactor. 
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Trailblazer 
for Pathfinder 


Full-scale critical facility 
speeds nuclear superheat 
calculations at Allis-Chalmers 
Greendale Laboratories 


When this reactor at Allis-Chalmers nuclear test 
facility “went critical” on schedule late in 1959, a 
big step was taken toward successful completion of 
the world’s first power reactor with integral nuclear 
superheat. The initial use of this valuable research 
tool will be for studies of the reactor core for Path- 
finder. This controlled recirculation boiling water 
reactor is owned and will be operated by Northern 
States Power Co., Minneapolis, Minnesota. 

This is just one of the major test facilities at 
Greendale Laboratories. Others include a steam sep- 
arator test loop, complete facility for developing 
underwater handling techniques, a battery of corro- 
sion loops, heat-transfer loops, water purification 
filter tests, and other experimental facilities. 

These modern development facilities round out the 
comprehensive service Allis-Chalmers offers the nu- 
clear power field. In addition to broad engineering 
and production capacity—plus more than a half-cen- 
tury’s association with electrical power generation, 
transmission and distribution — Allis-Chalmers has 
a staff of specialists experienced in reactor design, 
construction, and operation. Here is a source of com- 
plete responsibility from investigation to start-up. 


Ask for new facilities book 4389541 — This 
28-page brochure covers different reactor designs, 
laboratory and production capabilities. See your 
Allis-Chalmers representative, or write Atomic En- 
ergy Division, Allis-Chalmers, Milwaukee 1, Wis. 


A-C TURBINES AND CONDENSERS A-C PUMPS OF ALL TYPES serve important COMPREHENSIVE WATER CONDITIONING 
operate efficiently in many of the conventional and nuclear plants on all types SERVICE, in laboratory and field, includes 
country’s major central stations. of auxiliary service. equipment and chemicals. 
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NEW BURNDEPT THICKNESS GAUGE 





Nucieonic Thickness Gauge Type BN. 119 
**Developed in collaboration with British 
Insulated Callender's Cables Limited "’. 

** Manufactured and sold under 

one or more of the U.K. Patent 
Applications 1928/58, 1927/58 

and 7249/58. Corres- 

ponding patent 

applications filed 

in Canada, France, 

Germany, Italy, 

Sweden and 

U.S.A.” 











Full technical details, firm price and delivery 
dates on request from contracts department 





—TESTS GALVANISING NON-DESTRUCTIVELY 


NUCLEONIC BACKSCATTER TECHNIQUE 


Simple - Portable - Rapid - Battery Operated - inexpensive - Standard 
range : 0.5 to 3 oz/sq. ft. 


The technique employed is a Beta backscatter measurement with fully 
transistorised circuit operating a moving coil meter. It is essentially a 
practical low-cost instrument for use by those responsible for the condi- 
tion of galvanised tanks, pylons and similar steel structures. 
The BN. 119 gives a realistic picture of the condition of galvanised 
plating at a glance, and can be used by unskilled personnel. 


BURNDEPT 


BURNDEPT LIMITED - ERITH - KENT 











FC-501 FIELD CONTROL 
* 6-501 GAUSSMETER 


L-128 ELECTROMAGNET 


HS-1050 POWER SUPPLY 


HARVEY-WELLS ELECTRONICS, INC. 
14 HURON DRIVE, NATICK, MASS. 
CEDAR 5-7370, OLYMPIC 3-7380 
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ZIRCONIUM * COLUMBIUM * TANTALUM « TITAN 
* MOLYBDENUM « ZIRCONIUM + COLUMBIUM ALUM « TITANIUM *« MOLYBDE 
TANTALUM « TITANIUM * MOLYBDENU ys MBIUM ¢ TANTA 


TANTALUM * TITANIUM * MOLYBDENU 


Rs 


ZIRCONIUM + MBIUM * TANTALUM * x ayy °TIT 
Tl 


~ 
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‘ TUM « ZIRC 


TANI « ‘ BDENUM « ZI IUM * COLUM 


TANTALU 1UM « XN yw ( A M * TANTALUM ¢ MOLY 
ZIRCONIUM * COLUMBI LUM + JM #7 DSLUMBIUM * TANTALUM « TITANIUM 
* MOLYBDENUM «» ZIRCO. COLUMB! 4's . Bee ZIRCONIUN Y)LUMBIUM « 


TANTALUM * TITANIUM * MOLYBDENUM * oN UM * TANTALUM * MOLYBDENUM « ZIRCONIUM * COLU 
TANTALUM »* TITANIUM * MOLYBNF al Ai “ * ZIRCONIUM * COLUMBIUM * TANTALUM * MOLY 
ZIRCONIUM * COLUMBIU _ Sr 2 ZIRCONIUM * COLUMBIUM * TANTALUM « TITANIUM 
* MOLYBDENUM = ZIR ' 41UM * MOLYBDENUM « ZIRCONIUM * COLUMBIUM « 
TANTALUM * TITANIUM ¢ 5 ZIRCONIUM \LUMBIUM * TANTALUM * MOLYBDENUM « ZIRCONIUM * COLU 
TANTALUM « TITANIUM * MOLYBI PZIRCONIUN “MOLYBDENUM.* ZIRCONIUM * COLUMBIUM * TANTALUM * MOLY 
ZIRCONIUM * COLUME 


* MOLYBDENUM @ ZIR f as L AT THE SIGN OF THE GENIE 


TANTALUM « TITANIU | 
*& At Wolverine Tube Division of Calumet & Hecla, Inc., the Genie, 


TANTALUM © TITANIU 2 pictured on this page, is the symbol of a research and development 
program dedicated to furthering the industrial applications of such 
metals as zirconium, columbium, tantalum, titanium and molybde- 


ZIRCONIUM © COLUME 


* MOLYBDENUM: ZIR num 


TANTALUM « TITANIU As a result of this intensive program, and because of its years of 

heat transfer experience, Wolverine Tube is able to offer American 

industry a unique combination of knowledge and experience in 

ZIRCONIUM * COLUME working these metals to the user’s greatest advantage. Let us work 
with you in putting this specialized knowledge and ability to work 

° MOLYBDENUM * 2m in your behalf. 

TANTALUM * TITANIU And remember, the GENIE means—WOLVERINE TUBE IS 
WORKING TOMORROW'S METALS TODAY! 


WOLVERINE TUBE 


ZIRCONIUM * COLUME DIVISION OF 


* MOLYBDENUM «© ZIR Calumet Hecla, Inc. 


DEPT. 8, 17260 SOUTHFIELD RD., ALLEN PARK, MICH. 
TANTALUM « TITANIU Manufacturers of Quality-Controlied Tubing 


TANTALUM « TITANIU 


TANTALUM « TITANIU 


N ROIT N ATUR, ALABAMA SALES OFFICES IN PRINCIPAL CITIES 
TANTALUM ® TITANIU PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALAB Ss 
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Gas bearing pumps— 
totally enclosed, gas lubricated—for liquids 
up to /00° C, without contamination ... 





.. ANOTHER 
ENGINEERING ADVANCE (gam) 
BY BRISTOL SIDDELEY =f (sre 








One of the largest manufacturers of motive power : ! 4 STATOR WINDING 
units in the world, Bristol Siddeley Engines Limited Alf 
produce gas bearing pumps. The range covers a wide 
performance capacity and will pump liquids up to 
700° C with a power input from fractional to 30 hp. 

Bristol Siddeley gas bearing pumps have been de- 
signed specifically for systems where the contamination 
of liquids by lubricants or the atmosphere cannot be 
tolerated. Each unit, fitted with self-acting gas bear- 
ings, is totally enclosed and no seals are required 
between the impeller and the bearings. 





Gas bearings have several great advantages over 
oi] lubricated bearings: the load-carrying capacity 
increases with speed, temperature and pressure; the 











bearings are supported on a film of chemically pure WATER 


gas contained within the system, so there is no metal- 





to-metal contact under operating conditions, and 
wear and maintenance are reduced to an absolute 
minimum. 








Widest experience—greatest range 
Bristol Siddeley gas bearings were developed origin- 
ally to meet the extremely fine limits of operating 
purity and precision of nuclear engineering. But gas 
bearings have many other applications where a rotat- Z 23 ec 
ing shaft must be supported in such a way that no : BF £222 INLET 
contamination and leakage can be allowed and = 2 4 

where the supply of chemically pure fluids or gases is 
essential: inthe textile, chemical engineering, pharma- 
ceutical, food storage and processing industries, 
to name but a few. Bristol Siddeley produce a wider For further information about Bristol Siddeley gas 
range of gas bearings than any other manufacturer bearing pumps and gas compressors, please write to 


and have the greatest experience in their design and sristol Aero - Industries Limited, 200, International 
application Aviation Building, Montreal 3, Canada. Telephone: 
University 6-5471- 











it, 
i = BRISTOL SIDDELEY ENGINES LIMITED 
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TubeXperience in Action 


Now INDICATION-FREE tubing 


an extra value in Superior nuclear-quality stainless heat exchanger tubing 


You can now specify indication-free 
Superior nuclear-quality stainless steel heat 
exchanger tubing. When you do, you get 
tubing that has been subjected to the speci- 
fied red or fluorescent dye penetrant inspec- 
tion procedure. All indications have been 
explored and removed within the minimum 
allowable wall thickness. The resultant 
product is considered to be indication-free. 
This eliminates surface defects that may 
lead to stress corrosion cracking, leaks and 
fractures when the tubing is bent. 


Specification STC 104 gives the quality and 
technical requirements of Superior nuclear- 
quality heat exchanger tubing in austenitic 
stainless steels, including Types 304, 304L, 
316, 347 and 348. Write for your copy. Nu- 
clear heat exchanger tubing is available 
in other materials, too. Superior Tube 
Company, 2027 Germantown Ave., Norris- 


town, Pa. 





Some Typical Specifications for Superior Nuclear Quality Heat Exchanger Tubing 





+ CONDITION | 


Solution annealed, bright finish. Other tempers 
and finishes can be supplied. 





» RAW STOCK QUALITY 


Selected raw material with conditioned OD and 
ID. Tested for wall variations and concentricity 
before processing. 





» FINISH QUALITY 


Commercial tolerances shall be held unless other- 
wise specified. Ovality shall be held within 3% of 
the theoretical average OD. Commercial straight- 
ness shall apply. Dimensional checks shall be 
made on a 100% basis. OD shall be 100% visu- 
ally inspected. 





+ CLEANLINESS 


Both inside and outside surfaces shall be bright and 
free from discoloration and carburization, grease, 
dirt, metal particles, and other foreign matter. 





+ FLARING AND FLATTENING 


Two samples from each lot shall be flared 
and flattened. 





» HYDROSTATIC TESTING 





All tubing shall be hydrostatically tested to work- 
ing pressures. 





Syoerviar lade 


The big name in small tubing 


NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2Y2 in. OD 


West Coast 
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Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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These compact, plug-in chassis units keep your 
reactor under control from start-up to shut-down. In- 
corporating new concepts of reactor control, L&N 
Nuclear Modules provide simplified calibration, op- 
eration and maintenance —allow checking of com- 
ponents while the reactor is operating. Pulse channels, 
Logarithmic channels and Linear-servo channels con- 
tinuously monitor flux at all power levels. And at all 


For more detailed information on the application of 
these exceptional components, ask for Data Sheets 
EN-03(1), (2), (3), and (4). Leeds & North rup, 
Nuclear Systems Group, 4936 Stenton Ave., Phila. 44, Pa. 


times the reactor is under constant surveillance by 
load-sharing safety channel modules. 

Here is a “building-block” approach, so flexible you 
can augment your control as your requirements change 

. and still maintain a reliable and safe system. This 
illustrates another example of Leeds & Northrup lead- 
ership in the design of instruments and systems for 
the nuclear industry. 


LEEDS IN NORT!® 8 


Instruments | Automatic Controls « Furneces 
‘ 
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The Tapco Group is now equipped to decon- 
taminate, inspect, rework and test such nuclear 
reactor components as pumps, pressure vessel 
heads, control rod drivers, valves, and isotope 
containers. 

The new Tapco Decontamination Facility, 
available on a contract basis, covers 4500 square 
feet of the Tapco Cleveland plant. This facility 
includes a 1200 square foot clean room com- 
pletely enclosed and atmosphere-controlled, with 
stainless steel work tables, decontamination tanks, 
a 30 gph demineralizer, and a quarter-ton hoist. 


TRUMENTED 


An additional 2100 square feet provides space 
for the disassembly and decontamination of heavy 
components. A fully-equipped instrumentation 
room contains radiation standards and alli moni- 
toring and survey equipment used by the health 
physicist. The facility also has locker, change and 
shower rooms; an independent sewage system 
including pumps, filters and effluent storage and 
monitoring tanks; a health physics office; a storage 
area and a machine shop. 


f AND IN OPERATION 


Although the facility is currently licensed by the 
Atomic Energy Commission to possess up to 500 
millicuries of radioactivity at any one time, this 
limit can be substantially and quickly increased 
as requirements demand. 

Tapco has already successfully completed the 
decontamination, inspection and testing of 32 
PWR control rod drive mechanisms. This pro- 
gram established efficient work procedures and 
proved the competence of the trained Tapco crews. 


TECHNIQUES FOR EVERY REQUIREMENT 


Decontamination procedures to date include the 
scrub and soak technique in solutions such as 
citric acid—diosodium EDTA or alkaline per- 
manganate. Provisions have been made for acid 
cleaning and the installation of a 10 kw ultrasonic 
cleaner. Maximum radiation level encountered to 
date is 900 mr, though the facility is designed for 
considerably higher levels. 

For contract and delivery information on the 
Tapco Decontamination Facility, or a conference 
on TaApco’s abilities to clean and rework your 
components or assemblies, write on your company 
letterhead to: 


TAPCO OPENS NEW CLEVELAND FACILITY 


for commercial decontamination 
and rework of components and assemblies 


TRW 
MEE EO 


TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 


CLEVELAND 17, OHIO 
DESIGNERS AND MANUFACTURERS FOR THE AIRCRAFT, MISSILE AND SPACE, ORDNANCE, ELECTRONIC, AND NUCLEAR INDUSTRIES 
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250,000 
VOLTS ,DC 
1 or 5 Ma. 


* OPERATION OF LOW ENERGY ACCELERATORS. | A bE wm C fa A N D i 5 E 


e ELECTROSTATIC PHENOMENA AND IONIZATION STUDIES. 
¢ DETERMINATION OF DIELECTRIC PROPERTIES. 


e DEPOSITION AND SEPARATION OF PARTICLES. YO U eS 


Fully instrumented power supply, 
designed for maximum personnel 

and equipment protection. 

Selenium rectification insures long 
reliable operation. 


eee capers on with these handy 9” x 12’ folders 


immersed for minimum corona gen- 
eration and compact construction 


Here’s how you can 








Specialists in high voltage—1 kv to 250 kv. 


Prices: 250 KV, 1 MA, Mod. KV250-1, $4250. 00; 
250 KV, 5 MA, Mod. KV250-5, $4750. 00. 


2 MANOR HOUSE SQUARE 


kitovott CORPORATION YONKERS,N. Y. 


YOuneos 932615 





Keep your sales, management and 
distribution people informed on your 
advertising. Circulate preprints, re- 
prints, schedules and other material 
in these folders, and make your adver- 
tising dollars work over and over for 


you. 


Write for illustrated folder 


and price list 


Company Promotion Dept. Room 2710 


**EKxcuse me, Chief—but have you seen McGraw-Hill Publishing Co., Inc. 
the Special Announcement on page 40?” || 330 West 42nd Street, 
New York 36, N. Y. 
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A KALEIDOSCOPE OF NUCLEAR ACTIVITY 








ALCO'S NUCLEAR CAPABILITY... 


... REFLECTED BY THOUSANDS OF PROBLEMS 
SOLVED, HUNDREDS OF COMPONENTS DESIGNED 
AND BUILT FOR 9 OUT OF 10 MAJOR U.S. REACTORS 


When you evaluate ALCO’s nuclear capability, 
you must look at many things. For ALCo’s 
capability is the sum total of experience 
gained in component design and manufac- 
ture for practically every U.S. power reactor. 


You must look at men and machines...en- 
gineers who work a little faster, a little more 
effectively because of their background in nu- 
clear-design problems...quality control peo- 
ple who are experienced and equipped in ad- 
vanced techniques of inspection...production 
personnel with the latest machinery at their 
disposal, including a computer center for 
programming and production scheduling. 


Look at what these attributes have led to. 
Heat exchangers with sine-wave tubes... 
methods of welding and fabricating alloys 
like Inconel, zirconium and stainless...com- 
plex shock-loading and transient-tempera- 
ture stress analysis on data-processing 
equipment...an image electrical analogy 
method of determining heat flow paths and 
temperature distribution in complex config- 
urations...just a few among many. 


Men with experience and know-how like this 
...equipped with the tools and backing for 
the job...these are what make up ALCO’s 
kaleidoscope of nuclear activity. 


These are the reasons why ALCO can serve 
your nuclear component needs best. 





MAJOR NUCLEAR PROJECTS USING ALCO COMPONENTS 


(Not including components manufactured for Avco-built nuclear power plants) 


NAVAL NUCLEAR POWER PLANTS 


S2W (Nautilus) 
Westinghouse, U.S. Navy 


S2WA (Sea Wolf — Conversion) 
Westinghouse, U.S. Navy 


S4G (Prototype and Submarine) 
General Electric, U.S. Navy 


C1W (Cruiser) 
Westinghouse, U.S. Navy 


A2W (Aircraft Carrier) 
Westinghouse, U.S. Navy, 
Metals & Controls Nuclear 


S5W (Submarines) 
Westinghouse, U.S. Navy 


$2C (Submarine) 
Combustion Engrg., AEC 
U.S. Navy 


D2G (Destroyer) 
KAPL, AEC, U.S. Navy 
Olin Mathieson 


HMS Dreadnaught (British 
Submarine) 
Westinghouse, Rolls Royce, 
Royal Navy 


Emergency coolers (hard tank) 
Regenerative exchanger 
Non-regenerative exchanger 
Pressurizing heat exchanger 


Regenerative exchanger 
Non-regenerative exchanger 


Emergency condensers 


Regenerative exchangers 
Non-regenerative exchangers 
Pressurizers 


Regenerative exchanger 
Non-regenerative exchanger 
Core components 


Regenerative exchanger 
Non-regenerative exchanger 


Pressurizers 


Pressurizers 

Regenerative exchangers 
Non-regenerative exchangers 
Core components 


Emergency cooler 
Fresh water-sea water 
exchangers 


EXPERIMENTAL PROTOTYPE POWER PLANT REACTOR SYSTEMS 


EBR-1 (Experimental Breeder 
Reactor) Argonne National 
Laboratories 


EBWR (Experimental Boiling 
Water Reactor) Argonne 
Nationa! Laboratories 


SRE (Sodium Reactor 
Experiment) 
Atomics International 


ALPR (Argonne Low Power 
Reactor) 
Argonne National Laboratory 


Intermediate liquid metal 
heat exchanger 


Control-rod drives 


Primary sodium loop exchangers 
Secondary sodium-loop air blast 
coolers, main and auxiliary 


Control rod drives 


ALCO-BUILT NUCLEAR PLANTS 


SM-1, 10 MW 


ALC 


ALCO PRODUCTS, INC. 


SM-1A, 20 MW 


NUCLEAR 
COMPONENTS 


S1W (Nautilus Prototype) 
National Reactor Test Station 
Westinghouse, U.S. Navy 


Al1W (Aircraft Carrier Prototype) 
Westinghouse, AEC, U.S. Navy 


$1C (Submarine Prototype) 
Combustion Engrg., AEC, 
U.S. Navy 


D1G (Destroyer Prototype) 
KAPL, AEC, U.S. Navy, 
Olin Mathieson 


S3G (Submarine Prototype) 
General Electric, U.S. Navy 


SAR Critical Assembly 
General Electric-Knolls Atomic 
Power Laboratory 


CP-5 (Research Reactor) 
Argonne National Laboratory 


Carbon steel steam generator 

Emergency coolers (hard tank) 

Regenerative exchanger 

Non-regenerative exchanger 

Pressurizing tank—effluent tank 
heat exchanger 

Purification exchangers 


Steam generators 


Pressurizers 


Pressurizers 

Regenerative exchangers 
Non-regenerative exchangers 
Core components 


Emergency condensers 


Pressure vessel 


D,0 cooler 


COMMERCIAL NUCLEAR POWER PLANTS 


PWR (Pressurized Water Reactor) 
Westinghouse, Duquesne 
Power & Light 

VBWR (Vallecitos Boiling Water 
Reactor) General Electric 

PRDC (Enrico Fermi Station) 
Power Reactor Development 
Corp. 

BTR (Belgium Thermal Reactor) 
Syndicat d’Etude dei "Energie 
Nucleare, Westinghouse 

RCPA (Elk River Reactor Project) 
Allis-Chaimers Mfg. Co. 
Sargent & Lundy 


ORC (City of Piqua Reactor 
Project) 


Atomics Internationa! 


Regenerative exchanger 
Non-regenerative exchanger 


Emergency condenser 


Intermediate sodium exchangers 


Pressurizer 


Start-up heater 
Regenerative exchanger 
Non-regenerative exchanger 
Shield cooler 

Control rod drives 

Decay heat cooler 


Steam generator and 
superheater 


PM-2A, 10 MW 





ALCO NUCLEAR CAPABILITY IS READY TO SERVE YOU 


For complete information, contact Atco Products, Inc., 
Nuclear Components, Dept. 138, Schenectady 5, New York. 


Cable address: LOCOMOTIVE, N. Y. 





Whether you're controlling or recording 


The introduction of Honeywell’s complete line of 
ElectriK Tel-O-Set instruments makes electric 
and pneumatic components completely compatible. 


Now you can add the advantages of electric instru- 
mentation to your present pneumatic systems. 
Or, if you are designing a new system, you can use 
your favorite pneumatic components in an other- 
wise completely electric system. 

Here’s an example: You have a pneumatic system 
but want to record a key variable on an ElectroniK 
strip chart recorder. The answer is an ElectriK 
Tel-O-Set pressure-to-current (P/I) transducer 
which converts the standard 3-15 psi signal to a 
standard 4-20 ma signal which can be fed to a 
data logger or computer as well as to a potenti- 
ometer. ES 














Now let’s assume that you are putting in an all- 
electric system but prefer pneumatic control valve 
operators. Here the answer is an easily installed 
ElectriK Tel-O-Set current-to-pressure (I/P) valve 
operator which converts the standard 4-20 ma 
signal to a standard 3-15 psi signal. 














Used separately, ElectriK Tel-O-Set transducers 
allow you to easily intermix electric and pneumatic 
components. Used together, in pneumatic loops, 
they give you long distance high-speed trans- 
mission and eliminate the lags inherent in long 
runs of pneumatic tubing. 


a ¥ _ th 


PIGMEERING THE FUTURE 
YEAR 
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... mow you can mix electric and pneumatic components 





High-Speed 
Electric 
Transmission 














These twins have a calibrated accuracy of + 4% 
of span. They’re completely transistorized for 
long, reliable service. Only two wires, forming a 
series circuit between the two transducers, are 
needed to carry the,signal as well as the system’s 
power. Line power is not required in the field. 


Transducers are just part of the story. ElectriK 
Tel-O-Set transmitters are available to convert 
temperature, pressure, differential pressure, and 
other process variables into a current signal. To 
complete your system, you have a wide choice of 
different types of electric control . . . readouts in- 
cluding meters, indicators, and large case recorders 
. .. and final control elements. 


ow had 
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Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. 

MINNEAPOLIS-HONEYWELL, Wayne & Windrim 
Avenues, Phila. In Canada, Honeywell Controls 
Limited, Toronto 17, Ont. 

















Honeywell 





The John Jay Hopkins Laboratory for Pure and Applied Science is the F | p _ 
focal point of General Dynamics’ General Atomic Division in San Diego, oCca Ol nt 
California . . . a modern center where strong engineering and develop- 

mental activities are combined with broad basic theoretical and experi- f N i 
- mental research . . . an ideal environment for productive efforts in the or uc ear 


fields of nuclear engineering and science. 2 . 

Here, advanced work is underway on the High Temperature Gas-cooled Engi nee ri ng 
Reactor (HTGR), which promises to be a major short cut to the nation’s 
goal of economic nuclear power. The prototype HTGR plant will be 
completed in 1963 for Philadelphia Electric Company and High Temperature Reactor Development Associates, Inc. 

Here, engineers and scientists work in a creative atmosphere in other advanced activities, including the MGCR gas-cooled 
reactor and closed-cycle gas turbine system for merchant ship propulsion . . . TRIGA reactors for training, research, and 
isotope production, which are now being installed on five continents . . . small nuclear power systems . . . test reactors . . . 
nuclear power for space vehicles . . . thermoelectricity . . . controlled thermonuclear reactions. 

Rapid expansion of these programs has created openings, including senior positions, for experienced engineers and 
scientists who seek a high degree of individual responsibility together with unusual opportunities to demonstrate their initia- 
tive and ability. In engineering, for example, immediate openings now exist 
for nuclear engineers to work on the following programs: 

Reactor core design and thermal analyses. 

Reactor design neutronic calculations. 

Analyses of reactor and system controls. 

Evaluation of economics associated with reactor core design. 

Operation and analysis of critical experiments and applications of 

results to reactor design problems. 

In addition to positions for Nuclear Engineers, openings also exist for 
qualified Chemical Engineers, Metallurgists, Mathematicians-Program- 
mers, and Experimental and Theoretical Physicists. Please address your 
letter of inquiry to Manager of Personnel, General Atomic, P.O. Box 608, 
Dept. 10, San Diego, California. 





GENERAL DYNAMICS 
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@ 70 those concerned 

with atomic energy and power generation, 

Vitro offers experience 

gained in designing nuclear facilities 

worth 1.4 billion dollars. 

To date, Vitro has furnished engineering services 


for seven power reactor projects. 


Vila ENGINEERING COMPANY a owision oF vitro CORPORATION OF AMERICA 


ARCHITECTS + ENGINEERS - CONSTRUCTORS /NEW YORK + BOMBAY « GENEVA+s MILAN ¢ TORONTO 
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Type of Stacking Patented by French C.E.A. 


Graphite 


Machined or unmachined 
Moderator or refiector 


Density 1,60 to 1,75 gicms 
Cross-section 3,7 to 4.5 mb 


PECHINEY Division Applications Atomiques 


23 RUE BALZAC PARIS 8° 
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Design Engineering for 


NUCLEAR 
POWER 


With a background of 69 years of providing 
consulting service to the electric utility 
industry for conventional electric generating 
capacity, Sargent & Lundy has now developed 
an extensive experience in the nuclear power 
field. The firm’s nuclear activities started 
with the historic Borax III installation at 
Arco, Idaho and have continued through the 
design of the EBWR Facility at Argonne 
National Laboratory, the Elk River Reactor 
Project and the current design of a Process 
Heat Reactor Project to be constructed near 
San Diego, California. In these and other 
projects, Sargent & Lundy is devoting its 
capabilities to the progress and development 
of the nuclear power industry! 


An outline of experience 


e Turbine Installation for the Borax Ill 
Experimental Reactor Facility 


e Experimental Boiling Water Reactor Facility 
including revisions to permit 100 MWt operation 


e Elk River Boiling Water Reactor Facility 


e Experimental Low Temperature Process Heat 
Reactor Project 


e Containment for Belgian Pressurized 
Water Reactor 


e Design Study of Heavy Water Moderated 
Power Reactor Plants 


e Conceptual Design of 50 MWe Prototype 
Boiling Water Reactor Plant 


e Design Studies of Saturated and Superheated 
Boiling Water Reactor Plants 


e Study of Containment Costs 


information on these projects and other 
work done by the firm is available and will 
be sent on request. 


140 SOUTH DEARBORN STREET. CHICAGO 3. ILLINOIS 
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EAI 7ransistorized Analog Computer 


A WIDE RANGE OF 
SOLUTIONS AT 
DESIGN ENGINEERS’ 
FINGERTIPS... 


PACE TR-10, the first all transistorized desktop 
analog computer, puts proven high-speed compu- 
tation right where it’s needed — on the desks of busy 
engineers. With this easy-to-use simulator, you can 
quickly solve many problems without waiting for 
scheduled access to large-computing systems. Though 
compact in size, the TR-10 is a full-fledged analog 
computer capable of providing solutions to a wide 
range of design problems. Up to 20 amplifiers, plus 
linear and non-linear computing components are 
contained in one compact cabinet with no external 
racks. The TR-10 permits rapid evaluation of dif- 
ferent design approaches. It demonstrates the per- 
formance of a conceptual or drawing-board design 
prior to construction. Thus it saves time and money 
normally required for multiple test models with 
cut-and-try engineering. 





Here’s How The TR-10 Saves 
Engineering Time 

The TR-10 is especially useful in solving problems 
in such diverse areas as servo-system design, heat flow, 
chemical reaction analyses, suspension systems stud- 
ies and many other problems involving dynamic 
conditions. Fast answers to problems posed by new 
design ideas immediately determine feasibility of 
projects. With the TR-10, engineers can explore new 
ideas as they occur — concentrate valuable time on 
the most promising area of study. 

(Applications notes are available describing typical 
problem solutions.) 


How Do You Use The TR-10? 


First— Represent in equation form the physical sys- 
tem to be studied. 


Second—Select through a simple computer diagram 
the computing components required to perform the 
calculation (programming) . 


Third —Interconnect these components on the com- 
puter (problem patching) and set problem parame- 
ters with adjustable controls. 


Fourth—Run the problem with results presented 
graphically on an accessory recorder or oscilloscope. 


You now have an electronic analog model of the 
physical system under study. You can manipulate 
design parameters quickly, running comparative 
solutions without becoming involved in repeated 
calculations. With the TR-10 you can rapidly de- 
velop truly optimum designs. 


For complete details of TR-10, write for free copy 
of Bulletin AC 934—GA. 


é PACE tr-io Analog Computer, including 
components for addition, subtraction, multiplica- 
tion, division, integration and generation of powers, 
roots, logs, antilogs and arbitrary functions. 


ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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The S. I. C. N. supplies the Commissariat & 
l'Energie Atomique with the fuel elements of 
the power reactors G1, G2, G3 of the reactor 
EL2 and of the nuclear power plants EDF-1 
and EDF-2 of the French Electricity Authority 
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A LEADER IN ENGINEERING 


e NTR-10 Nuclear Reactors 

e Argonaut Reactors 

e Hot Cells and Laboratories 
Graphite Exponential Experiments 










Let Nucledyne plan and build your future nuclear 
facilities. As a leader in these areas we have now 
under construction a Positive Ion Accelerator and 
Gamma Source Hot Cell for the Air Force Cambridge 
Research Center at Laurence G. Hanscom Field in 








AND THE CONSTRUCTION OF: 


e Light Water Moderated 
Subcritical Assemblies 

e Protective Hoods 

e Special Nuclear Projects 


Bedford, Massachusetts. To date, there is no other 
facility known that has both sources in one unit. 

Some of the completed nuclear facilities engineered 
and constructed by Nucledyne are operating at the 
following laboratories and schools of higher learning: 


YOUNGSTOWN UNIVERSITY e MICHIGAN COLLEGE OF MINING AND TECHNOLOGY 
@ NORTH CAROLINA STATE COLLEGE OF ENGINEERING e UNIVERSITY OF NOTRE 
DAME e PURDUE UNIVERSITY e COOK TECHNOLOGICAL CENTER e ARGONNE 


NATIONAL LABORATORY 














BERYLLIUM: successful resistance weld! 


This photomicrograph is visual proof that beryllium can be resistance welded. Extensive tests 
at the Budd Company indicate useful sheet metal products can be fabricated from beryllium. 
Work with beryllium at Budd includes successful hot rolling, brake forming, deep drawing, braz- 


ing, resistance welding, arc spot welding, arc welding, cleaning, machining and hot shearing. 


Creating structures—thru the use of promising new metals and alloys—and making these 
concepts practical realities has been a Budd specialty for 30 years. Write today for further 
information. The Budd Company, Philadelphia 32, Pa. 


SPACEATOMICS oF f f 
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Nuclear-age PRECISION 


REACTOR FILTER VESSEL Diameter: 8 feet...Height: 7 feet 


Fabricated, machined and assembled by Avery and Saul 
from #4 polish 304 Stainless Steel. 


All welds were 100% radiographed 
to military specifications and the unit 
was cleaned to nuclear standards. 


When you need quality weldments and precision machining, call on us. 


QUALIFIED WELDERS A.S.MLE.-A.B.S.-NATIONAL BOARD 
CERTIFICATION- HARTFORD STEAM BOILER INSPECTION 
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June, 1960 - NUCLEONICS 





High-Purity Water Made Possible 
with Nalcite lon Exchange Resins 





Dresden Boiling Water 
Reactor System 

has Unusual 
Demineralization Needs 


Water purity in a degree not even considered 
a few years ago is required at the Dresden 
Plant of Commonwealth Edison Company in 
Northern Illinois. Nalcite Ion Exchange Resins 
have been chosen for the condensate high flow, 
reactor cleanup, and waste treatment demin- 
eralization units, one of which has an unusual 
system for removal, regeneration and re-place- 
ment of exchange resins. 


Condensate High-Flow Demineralizer 


2,800 gpm condensate, returning to the reactor 
from the turbine condensor, passes through the 
primary system demineralizer at flow rates of 
70 gpm/sq. ft. of bed area. This demineralizer 
is designed to remove more than 1,000 lbs. of 
dissolved and suspended impurities from the 
condensate each year. 


Resin Removed for Regeneration 


To prevent cross-connections between the re- 
actor and regeneration piping, equipment was 
developed for external regeneration of the ion 
exchange resins. This is accomplished by semi- 
fluid pressure transfer. 

Nalcite HCR-W and SBR-P in the primary 
condensate demineralizer have the high degree 
of sphericity and ion exchange ability essential 
to high flow rate service at minimum pressure 
drop. They also have the resistance to attrition 
which permits resin transfer from the demin- 
eralizer to separate regeneration units and 
back, repeatedly . . . without measurable bead 
breakage. 


Reactor Cleanup Demineralizer 


The reactor cleanup demineralizer on the re- 
turn side of the secondary steam generator sys- 
tem handles 200 gpm condensate at 1000 psi, 
120° F. On-line and standby units have flow 
rates of 10 gpm/sq. ft. of bed area. Exhausted 
resins are radioactive, and are replaced with 
new resins, rather than regenerated. 


Waste Treatment Demineralizer 


Radioactivity in wastes is concentrated by the 
waste treatment demineralizer. Exhausted 
resins are radioactive and are sluiced from the 
units and prepared for disposal. 
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Simplified diagram of the Dresden Boiling Water Reactor steam 
condensate system. Nalcite resins are used in condensate high 
flow, reactor cleanup and waste treatment demineralizing units. 




















MAKE-UP WATER 
DEMINER 
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Make-Up Water Demineralized 


Very small quantities of make-up water are re- 
quired, due to painstaking design to eliminate 
condensor leakage, and other system losses. 
Conventional demineralizers, followed by 
mixed-bed polishers, provide make-up water. 


Ideas for the Future 


While operating temperatures and pressures at 
the Dresden Plant are nominal in modern 
steam generation practice, the special require- 
ments for high flow and water purity from de- 
mineralizers in the steam-condensate system 
may have practical application outside nuclear 
reactor technology. It is significant that Nalco 
had ready, in Nalcite HCR-W and Nalcite 
SBR-P, ion exchangers which make possible 
these unusually severe ion exchange applica- 
tions. 


ideas for Today 


For busy engineers and technical men, Nalco 
has prepared concise data on water condition- 
ing with Nalcite cation and anion ion exchange 
resins: Bulletins Z-12 and Z-13, free on request. 
If you want fast action on a specific water 
treating problem, Nalco experts are available 
on short notice. Call or write. 


NALCO CHEMICAL COMPANY 


lon Exchange Division 
6318 West 66th Place Chicago 38, Illinois 

Subsidiaries in England, Italy, Mexico, Spain, 
Venezuela and West Germany. In Canada: 
Alchem Limited, Burlington, Ontario. 

® 

«+» Serving Industry through 

Practical Applied Science 
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_ DESIGN FACTS ABOUT ARC-CAST MOLYBDENUM 


CORROSION PROBLEMS: 


can moly metal’s resistance 
to mineral acids solve them for you? 


The following tables show molybdenum’s resistance to cor- 
rosion by mineral acids, providing oxidizing agents are not 
present. They also indicate molybdenum’s superiority to 
conventional materials used in handling these acids. 


hydrochloric acid 





corrosion rate, mils/year* 
unalloyed 14% Si— 70% Ni — 
temper- molyb- 3% Mo 30% Mo 
ature,F aerated denum iron alloy 
room yes (air) 0.40 - 7.8 
yes (oxygen) 0.27 - = 
160 no , 18. Bae 
yes (oxygen) 17. (air) 25. (air) 
boiling no ‘ ‘ 79. a3. 
room yes (air) . - 3.1 
160 no 35. 9.2 
yes (oxygen) 53.(air) 24. (air) 
boiling no 230. 27. 
37 room yes (air) q - 1.6 
*average of five 48-hr periods 





hydrofluoric acid 





corrosion rate, mils/year® 
unalloyed 
temper- 
ature,F aerated 
room no b 2.6 
yes (air) 4 _ 
212 no . 55. 
yes (air) 3 ue 
room no q 4.1 
yes (air) . _ 
212 no : 75. 
yes (air) 3 _ 
*average of five 48-hr periods 


70% Cu — 30% Ni 
alloy 











Phosphoric acid 





corrosion rate, mils/year® 


unalloyed type 316 70%, Ni — 
temper- molyb- stainless 30% Mo 
%H,PO, ature,F aerated denum steel alloy 


10 room yes (air) 0.27 ~—nil to 0.18** 1.7 
(oxygen) 

nilto0.18** 24. 

nil to 6.7** 19. 

nil to0.06** 0.40 
(oxygen) 

212 no 1.5 pe | 2.5 

boiling no 1.5 5.4 7.1 

room yes (air) 0.20 _=—inil to 0.80** 0.16 

(oxygen) 
212 no 0.29 20. 0.83 
boiling no 1.4 yan? 1.9 


*average of five 48-hr periods 
**range of five 48-hr periods ***one 48-hr period only 


212 no 2.4 
boiling no 1.3 
room yes (air) 0.25 











sulfuric acid 





corrosion rate, mils/year* 
unalloyed 14% Si — 
temper- molyb- 14% Si 3% Mo 
%H,SO, ature, F aerated denum iron iron 
10 160 yes (nitrogen) 0.22 - 
yes (air) 1.4 
yes (oxygen) nilto9.1** — 
boiling no 6.6 - 
400 no 0.77 = 
160 yes (nitrogen) 0.18 _ 
yes (air) 0.82 - 
yes (oxygen) nil to 3.4** 
400 no 3.7 - 
160 no 0.74 Sa. ; 
yes (air) nil to 0.90** 10.0 - 
yes (oxygen) niltol1.4** — - 
boiling no 1.5 14. 6.7 
50 160 no 0.52 3.4 0.36 
yes (air) nilto0.52** 2.3 - 
boiling no 2.5 5.9 1.6 
75 160 no 0.70 0.13 0.20 
yes (air) nil to 0.15** nil ~ 
boiling no 34. 0.26 0.68 
95 160 no 0.12 0.02 0.28 
yes (air) nilto0.21** 0.36 - 
boiling no dissolved 
*average of five 48-hr periods **range of five 48-hr periods 











Molybdenum also offers good long-term resistance to 
attack by liquid metals up to the temperatures given: bis- 
muth (2600 F), gallium (570 F), lead (2190 F), lithium 
(1650 F), magnesium (1290 F), mercury (1110 F), potas- 
sium (1650 F), sodium (liquid and vapor) (1650 F), 
sulfur (825 F) — and a number of alloys of these and other 
metals. 





FORGING BILLETS OF CLIMELT MOLYBDENUM METALS 
AND CLIMELT MOLYBDENUM-BASE ALLOYS ARE NOW 
PROMPTLY AVAILABLE IN STANDARD STOCK SIZES OF 
4%", 5%”, 6", 64%” AND 7” DIAMETERS. BAR STOCK IS 
MAINTAINED IN A RANGE OF SIZES UP TO 4” DIAMETER. 











For complete data, send for these free manuals: “Corrosion 
Resistance of Molybdenum and Molybdenum-Base Alloys” 
(24 pages), “Molybdenum Metals” (110 pages), and 
“Climelt Molybdenum and Molybdenum-Base Alloys” (24 
pages). Write: 


momo CLIMAX MOLYBDENUM COMPANY 


A division of American Metal Climax, inc. [1270 Avenue of the Americas, New York 20,N.Y. 
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Where expansion joint reliability really counts... YOU FIND ZALLEA 


Eighteen Zallea Expansion Joints pro- 
tect all the piping between compressor, 
reactor and turbine in General Electric's 
Heat Transfer Reactor Experiment 
HTRE). Sizes range from 18-in. to 
30-in. diam. Temperatures are 500 F and 
1500 F at 53 psig 


were to develop 
nuclear 


Objectives of HTRI 
and test a complete aircraft 
power plant system, to determine oper- 
ating characteristics, and to verify the 
design of a direct-air-cycle nuclear pro- 
pulsion system. As in any research in- 
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volving unknown quantities (in this case 
the heat source) a basic requirement for 
all system components was maximum 
reliability. The results of HTRE were 
successful. Objectives were accom- 
plished. The integrity and life of all 
system components were verified. 


This is another example of Zallea com- 
petence in the nuclear field. In fact, 
Zallea has provided the large majority of 
all the expansion joints used in atomic, 
nuclear and missile projects. Our work 
with almost every major engineering and 


manufacturing firm in these fields has 
given us an unequalled background of 
experience and engineering capacity. It 
can give you important savings in time 
and investigation when expansion is in- 
volved in piping systems or tanks. 


Write for Catalog 56, which contains 
complete and comprehensive engineer- 
ing data for Expansion Joints from 3-in. 
to 50-ft. diam., pressures to 3600 psi, 
temperatures to 1600 F. 

ZALLEA BROTHERS, Taylor and Locust 
Streets, Wilmington 99, Delaware. 


FOR MAXIMUM RELIABILITY 


WORLD’S LARGEST MANUFACTURERS OF EXPANSION JOINTS 





Model 49-13 
Model 49-14 


Model 49-13 


SCAMP 
Model 49-4 


Model 49-13 


All These Self-Programming 
Printing Scalers Connected 
to One Printer 


(two to a dozen, or more) 


FULLY AUTOMATIC OPERATION — Ragidtion Laboratory automa- 
tion takes another step forward with RIDL self-programming Print- 
ing Scalers. Sequential data read out to any printer which accepts 
a 1-2-2’-4 four line binary coded decimal input makes possible the 
use of any number of these printing scalers with ONE 
printer. 

The most popular RIDL automatic scaling system is the com 
bination of the RIDL Model .49-4 SCAMP system with any number 
of Mode! 49-13 or 49-14 scalers, each connected to a different 
detector. Preset time, preset. count, and fully automatic print out 
is thus available. Since these units are self-programming and adjust- 
able for self-identification, they are interlocked — without step- 
ping relays and without special programming units — for 
sequential read out if simultaneous printing times are reached. A 
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data processing by computer methods 
of RIDL printing scalers increases research potential through providing continuous, completely 
atic counting operation. RIDL offers the most complete line of scalers ever available. Whatever your 

er requirements may be RIDL hes a unit fo fill these needs. For further information write ¢ 

irtment WMB 


Radiation , eee Development Laboratory, eo 


5737 SOUTH HALSTED STREET © CHICAGO 21, ILLINOIS 
PHONE: TRiangle 3-2345 © Cable Address: RADILAB 
June, 1960 - NUCLEONICS 








JUNE, 1960 


NUCLEONICS 


Educating the Public About Radiation 


A Guest Editorial by Merril Eisenbud* 


Or THE MANY difficult problems that we face in develop- 
ing nuclear technology, none seems more baffling than 
these having to do with the public attitude on matters 
of radiation health and safety. A lack of perspective can 
be found everywhere, not only in the population as a 
whole, but among statesmen, scientists and writers. 
These attitudes may well prove to be the most serious 
single impediment to the development of civilian applica- 
tions of atomic energy. 

It is commonly believed that very little is known about 
the effects of ionizing radiation. Thisisnotso. More is 
known about the effects of ionizing radiation than is 
known about the biological effects of any of the innumer- 
able environmental nuisances that man has created. The 
government, from the beginning of the wartime program, 
has been very generous in its support of research. 
Studies of radiation effects have been far more thorough 
than those of the effects of other noxious agents that 
we have introduced into our environment. 

It is true that we do not understand all the mechanisms 
by which radiation effects are produced. We know little 
about the dose-response relationships at low doses of the 
order of the natural background. This, however, is not 
unusual. Effective methods of control have been devel- 
oped for innumerable toxic substances without fully 
understanding the mechanisms by which their effects are 
produced. In fact, currently unanswerable questions 
about the effects of minute doses are being asked, not 
only about radiation, but about such things as food addi- 
tives, insecticides and fluorides. 

It’s true that both X-rays and radium were mishandled 
through ignorance prior to World WarII. However, the 
well-learned lessons from these early misfortunes have 
made it possible to conduct a safe atomic-energy program 
ever since the Manhattan District began in 1942. Radi- 
ation accidents in the atomic-energy industry have been 
so few up to now that they are all but lost against the 
background of risk that already exists because of nonradi- 
ation hazards. Why then is there so much general appre- 
hension about the hazards of the civilian nuclear program? 


AN IMPORTANT REASON for the apprehension is that the 
one thing everyone knows about atomic energy is that it 
can be dangerous. The hazards of radioactivity, both in 
war and in peace, have been well publicized, but little 
has been done to acquaint the world with the excellence 
of the safety record in the industry during the past 17 
years. Moreover, it is not generally understood that the 


safety standards are based on assumptions that lean 
heavily on the side of safety, and that national policy will 
not permit a relaxation of these standards. The general 
attitude is as if we knew nothing about the effects of 
radioactivity. Some feel that the nuclear industry is 
growing at so great a rate that the country is unable to 
deal competently with the problems created. 


How SHALL WE CHANGE these unfortunate and errone- 
ous attitudes? Clearly the existing, rather limited pro- 
grams of public education have not succeeded. Despite 
the fact that the misunderstanding about the hazards of 
atomic energy has been an enormous problem in the 
atomic-energy field ever since the war, an organized public 
education program has not been undertaken on an ap- 
propriate scale. For example, the film library of the 
AEC at present includes 145 titles but none has been pro- 
duced to explain the radiation hazards of the civilian in- 
dustry to the public. There should be many such films: 
one for communities near reactor sites, one to explain how 
isotope uses are safeguarded, others for school teachers, 
for physicians, for local officials, etc. 

All the techniques of mass education should be utilized 
to whatever extent is necessary to achieve rational atti- 
tudes toward risks in the civilian nuclear industry. The 
country needs a public-information program that will pro- 
vide every segment of the community with the informa- 
tion it needs to live with radiation in the same rational 
way in which it lives with other environmental risks. 
This is not an easy objective, and it cannot be achieved 
overnight. A long-range program must be designed 
which will reach every level of government, all the pro- 
fessional groups, the housewives, the unions and the 
school children. Motion pictures, strip films, literature 
and all other accepted vehicles of communication should 
be employed. Only by a sustained, well-organized, well- 
directed program of education can we be assured that the 
public will some day be ready to accept the atomic-energy 
industry and its associated public-health hazards in a 
rational manner. Such a program should have been 
adopted ten years ago, but it is still not too late. 


*Mr. Eisenbud, former Manager of the New York 
Operations Office of AEC, is Professor of Industrial 
Medicine and Director of Environmental Radiation Labo- 
ratory at New York University Medical Center, New 
York, N. Y. 
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General Mills Mechanical Arms adapt to the 
most unique situations...even “manned robots” 


Pictured is a model of a unique vehicle de- 
signed by General Electric Co., prime con- 
tractor to the A.E.C. and U.S. Air Force. 
Scheduled for delivery to the National Reactor 
Testing Station in Idaho, the vehicle will be used 
in development of nuclear power plants for air- 
* craft. The inset photo shows one of its electro- 
mechanical appendages—a model 550 Mech- 
anical Arm, designed and built by General Mills. 

Controlled from a shielded cab, the Model 
550 has tremendous strength. Even when ex- 
tended its full 17 feet, in any position, it han- 


dles 100 pound loads with ease and can exert 
a grip force of 1,200 pounds. 

General Mills has supplied Mechanical Arms 
to practically every major atomic installation 
in the U.S. If you’re planning an installation 
that will involve remote handling, let us put 
our experience to work for you. If consulted 
early in the design stage, chances are we can 
offer suggestions which will eliminate the need 
for much costly, custom engineering. Our 
Mechanical Arms can be readily adapted to 
meet just about any remote handling situation. 


For information on all six standard models, write today! 


General 


Mills 


First in Remote Handling 


MECHANICAL DIVISION 


419 North Fifth Street, Minneapolis, Minnesota 


NUCLEAR 
EQUIPMENT 
DEPARTMENT 
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The Engineering 
Design 
of Power Reactors 


By NUNZIO J. PALLADINO, Head, Nuclear Engineering Dept. 
Per 7 Si Unive University Park, Pennsylvania 


and 
HAROLD L. DAVIS, Associate Editor, NUCLEONICS 


EACTORS are large, complex 
lesign requires a “‘project ap- 
f many individual efforts and 
to fashion a best possible 
ictors are also novel—their 
basis of a technology that is 
ts—system complexity and 
eactors rival other modern- 
1s aircraft and missiles. In 
one sense more demanding 
Because it is a one-of-a-kind 
to be built without benefit of 
ft and missile designers fabri- 
full-scale prototypes until 

f design perfection they seek, 
one chance to build his 


rk it must not fail. A new 
vithout alarming the whole 
tial hazard associated with 
so great that nuclear designers 
ightest risk of failure. This 
stage, the balance between 


ist be analyzed to an unusually 


s, the job of power-reactor design 
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itself has seldom been the subject of thoroughgoing 
analysis. In the twenty vears since reactors were in- 
vented and the ten years since they entered the com- 
mercial picture, the strategy of reactor design has 
developed as a home-grown product independently at 
each of the several reactor groups throughout the 
country. Today reactor designers, in looking at how 
they do things, have yet to achieve the level of sophisti- 
cated introspection familiar to designers of, say, a modern 
weapon system. 

However, one can point to features of the design 
process that appear to be common to the industry. Most 
projects think in terms of discrete steps IN THE DESIGN PROCESS 
(p. 89); in this report we examine the first two of these 
stages—THE CONCEPTUAL DESIGN &nd THE REFERENCE DESIGN. 

As the cover drawing portrays, reactor physics, 
thermal engineering and mechanical engineering are the 
three disciplines most central to the design work. To 
arrive at a reference design, these disciplines must join 
forces to cope with the eight masor DESIGN TasKs (p. 88) which 
exist for most reactors. For each of these tasks in turn, 
we define the problems and review the typical methods 
of solution. Much of the challenge of these tasks is 
that they are necessarily group efforts; for this reason 
we explore with particular interest the interactions among 
the various design specialities as they work out each 


design solution. —N.J. P., H. L. D. 
85 





The Conceptua 


Three points of view—the customer’s, the public’s and _ the 
designer’s—enter into this first step in the design of a power reactor. 
The decisions made relate to fundamental features of the reactor plant 


and, hence, can have an irreversible effect on the success of the project 


This meant that the reactor wou 

reactor built underground with the top s! 1 
floor level; the sodium would flow from a plenum at th 
free-surface 


EVERY NEW REACTOR PROJECT involves a concep- kwe., 
tual-design phase—a phase in which the people who want 
the reactor and the people who are going to design it get 
together to decide what kind of reactor they are going to 
build and to stake out guide posts on which the design 


bottom of the reactor up through the fuel to 
sodium pool; the graphite would be subdivided into verti- 


group can proceed to work out a reference design. In cal prisms individually canned; the fu rents would 
these initial discussions, user and designer come to de- 


cisions about prominent plant features and basic design 


be suspended from the top shield and would be rods clad 
with stainless steel while the control pois 
in helium-filled thimbles that separate it from the Na 


vuld operate 
numbers such as the plant output and steam temperaturs | 

As an example, the designers of the Hallam reactor 
during the proposal period decided that the reactor would 
be of the sodium-graphite type following the Sodium 
Reactor Experiment concept, with an output of 75,000 


Customer's Requirements 


In general we can point to three main sources of motiva- 


tion for these conceptual-stage decisions istomer’s 





The Project Manager 


information. He must repeatedly convince ‘'per- 





Every reactor project needs 
at least one man capable of 
superhuman efforts—that 
man is the project manager 
He is often the only person 
in the company with tech 
nical experience broad 
enough to have a compre 
hensive 
how the whole project fits 
together. At the same 
time he must have a mind 


understanding of 


that is sensitive to business 
matters and a_ personality 
that can knock heads together and simultaneously inspire 
loyalty. 

Words such as crisis, uncertainty, 
scribe his day-to-day existence; time, or lack of it 
driving force. 

His are the decisions that have the long range con- 
sequences and yet must regularly be made with incom- 


suspense, risk de 
is his 


plete 
fectionist’’ scientists and engineers, who work more with 
than for him, of the need for these decisions 

Perhaps 40% of his time is spent in troubleshooting and 
seeking out obstacles to progress. For instance, there is 
the dead-center problem—a part of the reactor project has 
come to a halt because it sees no obvious direction in 
which to move next. The project manager come 
in, unravel, redirect and put of the 
effort so that it keeps moving along with the whole 

There is a trend for project managers to amplify their 
cognizance of the project by employing a programming 
staff. The project managers of several large Naval re- 
actor projects have small groups of this kind reporting 
directly to them. Such groups help management lay out 
the project schedules, check actual progress against these 
plans and revamp them as required. By staying in con- 
stant touch with the rate of progress on all phases of the 
project, these specialists are in a good position to spot 
impending bottlenecks; they also contribute by maintaining 
liasion between design groups. 


must 


spurs to this part 
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Design 


ents and the designer’s own 
ctor. 
lity taking his first look at 
idea about the size of plant 
it anything else. If he isa 
size of Pacific Gas and 
vn staff of nuclear experts), 
requirements concerning 
ms and project schedule 


| design stage is the time 
inderstands completely 
expects and to come to 
spects of the design can be 
vhich should be left to 
lopment work during the 


nderstand the goals that 
tures which the customer 
these will really 

‘ustomer ma) 

1 that a pressurized- 

highest possible steam 
primary-system pres- 

ded his reactor will pro- 
500-psi primary loop. The 
igree with him that his 

and that a plant with 
chnically feasible, but 
intitive studies that put 
ressure closer to 2,000. 
knesses are lighter at 
come the economic dis- 
it-transfer needed in the 
for the relatively low water 
ngs up himself, the designer 
tomer aware of decisions or 
ilize existed. For instance, 
there is 1 tion of 1 tor-core instrumentation for 
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routine operation. How much is it worth to a utility to 
provide an array of neutron-flux sensors throughout the 
core to monitor core power patterns and individual! fuel- 
element burnup? The designer could point out that 
evaluation of the operating experience with Shippingport 
is leading to the conclusion that much of the extensive 
instrumentation installed in the core for experimental 
reasons is highly desirable just for ordinary utility 
operation. 

seyond identifying the customer’s goals, the designer 
has to determine the extent to which each goal is ‘‘hard”’ 
or “‘soft.”’ 

Which things does the customer really want and which 
things would he merely like to have? He may say that 
he wants a 300-Mw/(e) plant with a 10,000-hr core—if the 
design group gives him a 280 Mw(e) plant he may feel 
quite shortchanged but hardly complain at all about a 
9,000-hr core. This hardness testing of goals is especially 
appropriate to the current period in which experimental 
development is a primary motive for building reactors. 
Today’s cust y regard many of his stated desires 
as objectives h the design should strive for but which 


can be compromised if engineering reality demands. 


AEC’s Hazard Requirements 


} 


soth user and designer during their discussions are 
aware of the presence of the invisible ‘“‘third party.”’ 
The reactor must Satisty the demands of public safety as 
formulated by the AEC’s Reactor Safeguards Committee. 
These demands continue to exert a strong influence on 
design at th nceptual stage. They reach beyond the 
obvious provisions of a remote plant site and/or contain- 
ment vessel to influence reactor design in a basic way. 
Consider the familiar argument over whether to use 
stainless steel or zirconium in the cores of water reactors. 
One of the tors that weighs against zirconium is the 
chemical reaction between the metal and steam and water 
which can occur at elevated temperatures such as could be 
reached during a core meltdown. In today’s practice, 
the possibility of this energy release is figured into the 


87 





containment-vessel design requirements and |} 
penalize zirconium relative to stainless ste 

Another example is the influence of cont 
plant construction cost. Bechtel felt that 
difference between constructing the Dresden 1 
a large conventional plant like an oil refiner 
considerable extra trouble caused by the need 
the plant through two relatively small ope: 
containment shell. 

The psychological climate alone is enoug!i 
designers from giving serious consideration to cer 
sign possibilities that promise advantages but 
“bad press.”’ One of these is the use of hydrogen gas as a 
reactor coolant. D. Bradley of Harwell has examined 
this problem and concludes that, in reality, hydrogen 
offers no serious problems from a safety viewpoin 

There are signs that our quite conservative 
safety requirements is beginning to become more flexibl 
The AEC in its ten-year program mentioned th« 
bility that some graphite-moderated gas-cooled 
reactor, might be able to do without contain: 


Designer's Views 


The third force that shapes design decisions during the 
conceptual stage is the design group’s own convictions 
about reactor types and design features. 

These convictions reflect the personal experienc: 
the senior men on the project and their impressions of 
experiences of others. The former are bound to 
the stronger influence; the engineer who has perso 
run into difficulty with welded-seam tubing is likel) 
much harder to talk into using it again than the engineer 
who merely heard about the difficulty. 

Company views. On the question of basic reactor 
types, a look around the country shows us that the 
established commercial reactor groups are general 
experts only in the design of a single reactor type. 
companies in the field become labeled as “ pressuri 
water’’ companies, “‘ boiling-water”’ companies or 
reactor’’ companies. 

Part of the reason for this specialization rests on sou! 
business considerations: Management may decide 
the company’s best course of action is to conce1 
resources on one reactor type. Also, after 
group has worked on a particular reactor type 
most easily sell its services for the same type 

But apart from business strategy, the designers 
successfully completing a job they have worked on for 
many years, are themselves convinced about the superi- 
ority of their reactor type. The project manager who has 
lived with boiling-water reactors for the best part of a 
decade can, and will, at the talking stage of a new pro 
muster persuasive arguments to convince both | 
and the prospective customer that a_ boiling-wat 
reactor is the best answer to the problem at hand. Some 
of what he says must stem from personal convictions 
rather than the factual evidence available; otherwise 
there would be no way to explain how it is that the same 
customer in his travels can meet half-a-dozen project 
managers, each of whom professes to offer him the ‘‘ best ”’ 
reactor for his needs. But we would all agree that a mod- 
est amount of faith is essential in pushing through the 
design and construction of a power reactor of any type. 


Steps 





The evolution of a reactor design typically goes through 
four stages of development, which we shall cail conceptual 
design, reference design, revised reference design and 
final design. (Of course, many organizations refer to these 
stages by other names, some of which are listed in the 
table.) 

Regardless of the details of a design organization's ap 
proach, all incorporate the following features: 


1. The reactor design is evolved as an iterative process 
involving the interplay of the various technological disci- 
plines and the interplay of design and development work 
within each discipline. 


2. The reactor must be viewed as a component of an 
integrated power-plant system. Design parameters for the 
system are not based alone on the most favorable reactor 
core but are selected to achieve the best economic balance 
or weight and space balance, depending upon the appli- 
cation. 


3. Reactor engineering at present involves extensive 
development work, more so than does the engineering of 
conventional heat apparatus. This is because, in large 
measure, there are many reactor types to be developed, 
each with its own specific problems, and each having little 
precedent. 


This nucleonics report discusses the reactor design proc- 
ess up to the completion of the reference design report. To 
provide background and perspective for the discussion, the 
following paragraphs describe briefly all stages of the 
process up to construction of the reactor. 


Conceptual Design 


A review of the customer's requirements results in a 
conceptual design report specifying the main features and 
expected operating characteristics of the reactor plant. The 
report provides some theoretical justification for the con- 
cept but does not establish conclusively the parameters 
upon which component development is to be based. In the 
case of a commercial power station, presumably a proto- 
type has demonstrated the feasibility of the concept. 


Reference Design 


The reference-design report is based on sufficient evi- 
dence to establish the functional feasibility of the reactor 
concept — if it can be built, it will perform generally as 
outlined in the report. 

The reference design must specify plant parameters and 
core and plant arrangements in sufficient detail to permit 
design and development of specific components. For ex- 
ample, the reference design report specifies a full-load 
primary-system flow for establishing core details and for 
developing the pumps. It also states an assumed pump- 
head flow curve and the division of pressure drop to be 
made among the core, heat exchanger, piping and valves 
so that each has a basis for development. It describes a 
sufficient number of the fuel-element details so that the 
designers can make their computations and analyses on a 
common basis, and so that development of fabrication 
processes is consistent with the engineering requirements. 





in the Design Process 





To establish the functional feasibility, enough analysis, 
design and development work must be performed to pro- 
vide the required evidence. Air-flow tests show the attain- 
able pressure drops in ducting systems of interest. 
Materials work must indicate that it is metallurgically pos- 
sible to fabricate a fueled sheet. Stress analysis establishes 
gross dimensions and volume fractions of structure and 
materials 


Development Work 


Up to the issuance of the reference design report, mostly 
paperwork is involved. Following the report, hardware de- 
velopment receives the major emphasis. 

As an example, hydraulic and heat-transfer tests of 
models and mockups of proposed fuel-element assemblies 
determine préssure-drop characteristics, flow distribu- 
tions, heat-transfer coefficients and power-removal limita- 
tions. Stress analysis and tests establish the adequacy of 
fuel-elemernt sizes and arrangements and confirm the pro- 
posed dimensions of the core structural supports, the 
thermal! shields and reactor vessel. Materials development 
must show that it is metallurgically feasible to fabricate 
the fuel elements and indicate the tolerances that can be 
held. Other materials tests would include wear tests for 
contro! rods and control-rod drive mechanisms, corrosion 
tests end fretting tests 

From this effort, revisions to the reference design are 
ndicated from time to time. Changes in one component 
must be investigated for influences on other components. 
Generally, this work leads to a revised reference design, 
particularly on a highly developmental effort. 


Revised Reference Design 


At this stage, the design is quite firm and is based on 
ranges of parameters, as obtained from analyses and tests, 
that assure component feasibility. Enough test work has 


been done to indicate that components can be manufac- 
tured in configurations compatible with other components 
and that they will meet the functional and integrity require- 
ments of the over-all reactor design. The design report pre- 
sents not only layouts, drawings and specifications but 
also a detailed summary of the bases for the design. 


Final Design 


The final design contains detailed layout and design 
drawings from which the components can be manufac- 
tured. It includes materials specifications and manufactur- 
ing, shipping and installation procedures and is usually 
accompanied by a final safeguards report. 


Later Designer Responsibilities 


In practice, final-design work overlaps not only the fab- 
rication work, but on new projects continues well into the 
shipment and installation phase. 

Because of the long lead-time required for large com- 
ponents such as the reactor vessel, the fabrication stage 
begins as soon as the revised reference design has been 
set forth. This stage brings new engineering problems re- 
quiring close coordination between the designer and the 
shop. Chief among these problems is the evaluation of the 
manufacturing results in the light of design requirements. 
For example, out-of-tolerance fuel elements may lead to re- 
evaluation of reactor performance. 

Engineering plays an important advisory, training and 
guiding role during component shipment and installation. 
This job may become especially difficult to handie because, 
at the same time, they are being pressed to complete 
designs and specifications. 

Initial reactor operation entails intensive participation 
by key design personnel particularly in evaluating perform- 
ance data and refining or clarifying operational limitations. 


Design Terminology 





Terms used in this report 


Corresponding terms sometimes used 





Design 
Design 


feference Design 





Survey Report, Scoping 

Conceptual Design, Advanced Design 
Preliminary Design, Title | Design 
Engineering Design, Title Il Design 





Title | and Title Il: prior to actual negotiation of an AEC include preliminary design and cost estimates, and under 
if tect-engineer ntract, a statement is drawn up giving _ Title Il include final design. 


‘ 


services to be provided; services under Title |! 





The Reference 


Starting from the conceptual design, the project works hard to pro- 
duce a reference design that optimizes performance without sacrificing 
reliability. The goal is achieved through a series of design itera- 
tions that entail intricate interactions between team members 


IN THE REFERENCE-DESIGN STAGE the object is to 


take the rough outline of a reactor that emerges from th« 
conceptual phase and work it into a design defined in its 
essential features by a set of engineering parameters that 
is self-consistent and as far as possible optimized. In 
deriving these numbers the project as a whole goes 
through a large-scale iterative process that consists of 
making a series of successive approximatior s tk the 
reactor design. These approximations become progr 
sively firmer in form and more explicit in 
finally converge to the complete reference design 

The process can be compared to the way 
carves a statue out of a large block of granit« 
with some guide lines drawn on the block (th: 
spond to the conceptual design) and sets t 
his chisel producing first a crude outline of t) 
then gradually refining the work to its finish: 





Reactor 
Physicist 


Frequently held in awe by 
the other project members, 
he works with digital com- 
puters and critical experi 
ments to establish criticality 


S ;" 
£. and the distribution of neu- 
tron flux for _ idealized 
reactor-core configurations. 
' With this information he: 


® establishes the fuel loading needed to keep the re- 
actor critical for the desired core life. 


@ provides reactivity control adequate to operate the 
reactor during this period. 


® makes sure that the temperature coefficient will have 
a reasonable value throughout life. 











chipping away on all parts of it simultaneously, always 
keeping in mind the relation to the whole of any part 
that he happens to be working on. 

This “project ” approach is quite simular to the way 
a reactor group carves out the reference design for a 
reactor. But instead of just a single sculptor we should 
imagine many ‘“‘sculptors”’ all chiseling at the same time 
on different parts of a colossal statue We first want to 
identify the members of this creative team and then sec 
how they are able to coordinate their efforts to produce 


i finished work with all parts in perfect proportion 


Members of the Team 


When the reactor moves from the conce ptua -design 
stage to the reference-design stage the center of activity 
of the effort moves from the ‘‘front office” to the “‘ boys 
out back.” Besides an increase in the magnitude of the 
effort this move brings with it a change in perspective 

During the concept 1al stage the reactor design was the 
affair of three parties—the design-project group itself 
and two external interests in the form of the customer 
and the public. During the reference design the interests 
of the latter two groups are certainly not slighted; but 
with the shift of the project to the offices that hous 
slide rules, drawing boards and IBM cards, the design 
effort becomes much more of an internal affair in which 
the emphasis falls upon the ter hnical disciplines that 
carry forward the work of the design process 

If we narrow our field of interest to include just the 
reactor itself (roughly the part of the system between 

coolant inlet and outlet including the core, pressure 
reflector, etc.) then three major spe ialties ar 
ved—reactor physi s, thermal engineering and me- 
hanical engineering. The knowledge and methods of 
these three technical areas are the primary tools the 
project uses in designing the reactor part of the plant 
Of course, groups responsible for areas such as plant 
design, materials and critical experiments provide close 
support.) 

For the rest of the report we will imagine that the 
demands and interests of each of these three areas can 
be personified by an idealized individual whose motives 
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Design 


epresent his area of technical specialty. 
st is portrayed opposite, for portraits 

p. 92 These individuals are not to 
people who work on a reactor 

‘ften may not fit neatly into any 

es. Rather these three hypo- 

ent bodies of knowledge, and 

rs and predilections correspond to 


traditions 


Design Imperatives 


I t t otice about this imaginary three- 
sut designing a reactor is that 
sponsibility almost instinctively 

ratives which have by tradition 
fession. To take a simple 
the reactor physicist never 
igh fuel to keep the reactor 
eptable core lifetime. In 
conference table to reach 
features, he may make 
rial he would like to see 
and number of control 
sign that relates to the 

| gets, the power of veto. 
ypocratic Oaths” for each 

f the three s s of reactor design: 


Reactor physics else the physicist must 


++ 


the reactor design has: 


reactor critical and furnish 
r startup and shutdown during 
@ar t eactivity temperature coefficient over 


Thermal engineering is fundamentally concerned with 
hydraulic conditions do not 

more specifically the thermal 
it 


irily in the fuel) never reach 


ge sused by coolant flow (such as 
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errosion) stays within reasonable limits. 

In some reactors the first of these requirements results 
in limitations on the rate of heat transfer to the coolant; 
in water reactors, for example, the heat flux has to be kept 
below the point at which film blanketing occurs, other- 
wise an immediate temperature rise would occur that 
could lead to meltdown of that part of the element. 

Mechanical engineering has as its province hardware 
reliability; the mechanical engineer must guarantee that 
any reactor structure he designs: 

@will retain its dimensions, integrity and ability to 
function in the face of stress, corrosion, fretting, wear, 
fatigue, creep and buckling. 

@ can be fabricated, cleaned, inspected and maintained. 


Major Design Tasks 


Were these the only demands made upon them, reactor 
designer’s lives would be uncomplicated; but there is in 
addition the matter of reactor performance. 

Invariably, improved performance means pushing 
closer to the areas forbidden to the engineer by his 
‘professional conscience.” Hence, the reactor designer’s 
basic problem is one familiar to the engineering profession 
as a whole—squeezing out the highest possible perform- 
ance while remaining faithful to the principles of sound 
design. 

This job is relatively straightforward so long as the 
engineer is working on a feature of the design that 
involves only the interests and requirements of his own 
technical specialty. For example, when he knows what 
the fuel-element-assembly design is to be, the mechanical 
engineer can go off in a corner by himself and work out 
the best ways to support and lock it in place in the core. 

But the major design decisions on a reactor project 
are not of this kind—they can only be achieved through 
the ‘‘team’’ approach, which makes their solution a 
much more difficult proposition. Something so basic as 
the fuel-element design touches on the interests of all 
three engineering disciplines and requires for its solution 
the application of their combined abilities as well as 
information and advice from the rest of the project. 

We can identify seven such major tasks which the 
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Thermal 
Engineer 


Using talents that cut across 
most of the engineering 
fields, he employs analysis 
and physical analogs and 
models to work out the flow 
and temperature distribu- 
tions for the proposed reac- 
tor. On the basis of these 
distributions he guarantees 
to: 


®@ hold temperatures at all points in the core below the 
limits set by material failure. 


@ keep the damage to core materials from the coolant 
flow within tolerable rates. 











design group must solve ‘‘en masse”’ before it « 

plete the reference design for the typical large r 

The chart opposite defines these tasks and 

the approximate order in which they occupy th 

tion of the staff. The relative importance of the tasks 
may differ from project to project and others might be 
added for certain reactor types—but those shown will 
play a significant part in the design of most solid-fuel 
element power reactors. Although the diagram imp! 

a limited period of time allocated to each task, in ac 
ality work continues in some degree on each task 
through the design period; the chart indicates rather the 
times at which the various tasks would typically receiv: 
the project’s concentrated attention. The blocks repre- 
senting the tasks extend over one or more of the three 
reactor-design specialities to indicate the groups that do 
the detailed analysis of the problems, which is then 
presented to the representatives of all three groups for 
final decisions. For instance, the mechanical engineer is 
responsible for developing the core layout gut he 
depends on physics and thermal engineering for much of 
his input data and sits down later with them to pick the 
layout most satisfactory to all concerned from perhaps 
as many as two dozen possibilities that he has prepared 
for the occasion. 


Other Groups 


The arrows on the chart indicate contributions of 
information or participation in design decisions by the 
rest of the plant-design groups and the materials 
critical-facilities and consultant groups. The plant- 
design groups include those responsible for: 
®@ primary loop components exclusive of the reactor such 
as pumps, primary heat exchanger, valves, piping, and 
control instrumentation 
@ conventional plant components such as the condenser 
turbogenerator unit, and steam-relief and bypass valves 
@auziliary systems such as coolant chemistry, control 
systems, poison-injection systems, and fuel-storage and 
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waste-handling facilities 
@ over-all plant system—this group is responsible for the 
performance of the plant as a whole and hence exerts an 
influence on the work of all the design groups including 
the reactor group 

Logically one would expect the last of these groups, th 
plant systems group, to play a much more prominent role 
than it customarily does on a reactor project. Since it is 
the only group concerned with the entire plant, it alone 
is in a position to make judgements about the relation of 
the major parts of the plant to the whole and to mak« 


the demands on the various design groups that are 


I 
necessary to achieve a balanced design. But to date 


the reactor designers, instead of the plant systems people, 
have tended to occupy the center of the stag Histori- 
cally this is easy to understand; the reactor has been the 
part of the system that has required original thinking 
and development while the rest of the plant has followed 
from conventional design practice. However, this has 
often meant that the tail has wagged the dog—the reac- 
tor has received more than its proper share ol the pro]- 
ect effort. Thus project managers frequently can be 
heard to remark, “The reactor worked fine, it was the 
conventional stuff that gave us all the trouble.’”’ As 
reactor design moves into the handbook stage of maturity 
we can expect plant systems groups to come more into 
their own. 

Returning to the chart note at the left that the materi- 
ils, critical facilities and consultant groups, while not for- 
mally involved in the design process thems¢ iVeSs, ¢ ontribute 
ndispensable support to the design effort. On many 
projects, the materials groups, in particular, participate 
directly in design decision conferences. These groups 
develop materials information for the design on a number 
of levels: metallurgy and chemistry supply advice and 
information about the basic properties of fuel, structural 
ind coolant materials, their fabrication characteristics 
and their compatibility with other materials. Th 


f xperimental-fuel-fabrication group ploneers the tech- 





Mechanical 
Engineer 


The key man in coordinat- 
ing the final phases of the 
reference design, he trans- 
lates analytical and test 
conclusions into practical 
hardware design. With the 
tools of stress analysis, 
material tests and common 
sense, he makes certain that 
each structure or mechanism: 


®@ maintains dimensions and ability to function under 
anticipated loadings and environmental conditions. 


®@is capable of fabrication, cleansing, inspection and 
maintenance. 
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The Evolution of a Core Design — Hallam 1955-1960 





March 1955 


November 1957 


August 1958 


May 1960 





Design output Mw(th) 250 


245 254 


256" 





Active core diameter (ft) 13.3 


12 13.5* 


13.5 





Active core height (ft) 10 


10 pA 


13.5 





Core positions 
Fuel 
Control 
Source 
Na Temp. meas. 
Na Level meas. 
Dummy 
Total 


123 155 
18 31 

1 1 

— 3 

- 2 

12 15 

154 


155 
19 
1 

3 

2 
27 





Fuel element 
Rods in cluster 
Fuel material 


Fuel enrichment 1.8% 


19 
U-1.5% Mo 


2.5% 


19” 
U-10% Mo” 


3.3% 





Fuel inventory (kg U) 24,600 
Moderator-reflector elements 
Sheath material Zr 


Number 291 


9.9 in. 
14 ft 


Width across flats 
Length 


) 18 half 


23,800 


s.S. 
{108 full 


16 in. 
14 ft 


33,000 


$s. $ 
141 


16 in. 
17 ft 





Control rods 
Poison B-steel 
Shim-regulating 10 
Safety 8 
Combined 


B-Ni 
10 
8 


rare-earth oxides 





Coolant 
Total flow (106 lb/hr) 
Inlet temperature 
Outlet temperature 


6.5 
500° F 
925° F 

















niques needed to establish the practical feasibilit 
conceptual fuel design. The engineering té 
in collaboration with reactor-design engin« 
builds and operates out-of-pile and in-pil 
project may, finally, have a hot-lab group tl 
the irradiated material specimens. 

The critical experiments may be carried out | 
within the organization itself using its own fa 
an outside company or laboratory that sp 
supplying such services. 

The consultant groups which are lumped togetl 
tlie chart the 
specialists such as digital programmers, cost experts and 


with materials groups, would 


project scheduling. 


Design Iteration 


An important aspect of the design proc 
chart fails to show is the series of major 
iterations that the design goes through during the refer- 
ence phase. Each task in itself, such as ‘ Parametri 
Studies” or ‘‘Temperature Flattening,’’ involves an 
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Design Criteria 


and Initial 


7stumates 


reference design is to 

erve as the input to the 
iation is of two kinds 1) 
criteria that provide a basis 
igh estimates or ranges for the 


letermined during the refer- 


lirectly from decisions 
the others must bs 
reference stage as 
features or set the 
parameters. AKe 
in college pl VSICcs, 
’ quantities 
the design 

lete design. 
nature, it must, just 
d with some rough 
estimates form the 
th reference phase 
les estimates of the 
his domain and 
g assumptions to the others. 
esigners arrive at upon the 
ence and intuitive judgement. 
1 an important part of this 
group, with advice from the 


upon one or more candidate 
nent or substructure of the 
mechanical and physical 
lesirable for engineering applica- 
ist in general be able to stand 


reactor coolant and the radia- 
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REFERENCE DESIGN TASK 


a 


tion field. Where the requirements are particularly 
demanding or experience lacking, the project may select 
an array of materials at this stage as possible candidates 
for a given application. 

The number of different kinds of materials that can be 
found in a reactor core gives some idea of the magnitude 


of the effort involved in materials selection. For 


instance, the core structure might be of ferritic steel, 
clad with type 347 stainless and reinforced by 0.3-mil 
chrome plating at wear points. Inconel X would very 
the material of the springs in the fuel-element 


which would themselves be made of type 


likely be 


] 
locking devices 


304 stainless steel The scram shafts might be formed of 
ion hardened steel such as 1704PH and the 
earings of Stellite No. 19. The ball-bearing 
as miscellaneous bolts, could be of Haynes 
arbon-silicon steel might be the base material 
vessel while the thermal shields and the 
s for the vessel could be made out of a 


Z5alloy. ( 
of the pressure 
seal membrant 
manganese-molybdenum steel clad with stainless steel. 

Returning now to the main process: After the members 
of the design group exchange their initial guesses, each 
checks to see if the estimates it gave out are compatible 
with the ones that it received. As a result of this 
comparison and further analysis, each designer issues a 
second round of revised and refined design characteristics. 
This interchange of revised characteristics continues 
until the series converges on the completed relerence 
design. 

Since the de 
boundaries during this procedure, they do not benefit as 
do the derived parameters from the process of optimiza- 
tion. As far as the reference design is concerned the 
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‘sign criteria serve as the fixed points or 





design criteria act as built-in biases 
carefully chosen, can override any gain achieved 
the optimization procedure. 

For this reason we will examine in detai 
that influence the choice of design criteria 


Criteria Selection 


The table alongside lists the typical criteria and gives 
examples for existing reactors. We see that the ways in 
which the criteria are formulated can differ from reactor 
to reactor; sometimes they may even differ from time to 
time during the development of a particular reactor. 

Looking again at the table, we ean see that each 
criterion is in essence a statement about a design feature 
or limiting value for a design variable that implies 
fullfillment of one of the professional imperatives 
mentioned on p. 91 or of one of the over-all objectives set 
during the conceptual stage. In each instance one or the 
other designers, according to the technical domain 
involved, traditionally assumes responsibility for origi- 
nally formulating the criterion. This accounts for the 
grouping under design specialty in the table. 

But a given design criterion is always subject to 
ratification by the rest of the reactor-design groups and 
will often undergo modifications in response to pressure 
from these other interests. A typical criterion for water- 
cooled reactors today is that the reactor should be able 
to shut down cold with one rod stuck outside the core 
This capability of shutting down in spite of an inoperative 
control rod is an important safety provision that sets a 
minimum limit on the control the physicist has to build 
into the core. Hence it would be regarded by most 
projects as a “physics” criterion. But this criterion 
especially the specification that the reactor be able to 
shut down cold—deeply involves the mechanical engi- 
neer’s interest in refueling and control-rod inspection and 
maintenance. With a design satisfying this criterion he 
ean shut down in a cold condition and withdraw control 
rods from the core one at a time for inspection and 
maintenance or for refueling. Also if a rod should stick 
during an emergency scram, he would be able to open 
up the reactor and work at dislodging the rod; otherwise, 
the operators could conceivably find themselves with a 
subcritical but elevated-temperature system which they 
dare not let cool down for fear of going critical again 
at the lower temperature. 

For these reasons the mechanical engineer looks upon 
the stuck-rod criterion as a fine invention; but others on 
the project would be less enthusiastic. The physics 
problem posed by the stuck-rod criterion is to guarante: 
that the subregion of the core where the rod is absent will 
be made subcritical by the neighboring rods. Thi 
requires more than the addition of an extra rod to the 
core; in fact it could easily double the number of rods 
The thermal engineer, who is already worried about the 
lack of space in the core for heat removal, may 
frown at this prospect, as well as the mechanical eng 
himself when he stops to think about where he is going ‘ 
find room to put all of the control-drive mecha 
the reactor head. 

Counter suggestions at the conference tabl 
to be heard: 


(Continued on page 98 
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Catalog of 





NUCLEAR 


Reactivity shutdown margin needed to contro! *‘cold, 
clean”’ reactor. Many reactors use the stuck-rod criterion — 
even with the most reactive control rod out of the core, 
they must have enough margin to go subcritical at room 
temperature or at a temperature that can be tolerated © 
during refueling. : 

Poison-injection system may be specified for emergency 
shut down under gross malfunctioning of control-rod sys- 
tem. This may replace or supplement stuck-rod criterion. 

Initial core loading is usually fixed to give at least the 
excess reactivity necessary for the desired core life or for 
certain average fuel burnup. 

Override of maximum xenom after a prolonged shut- 
down. Sometimes the core lifetime is defined as the period 
during which maximum xenon poisoning can be overrid- 
den. In other instances the xenon-override may be pre- 
scribed only for a certain fraction of reactor life. 

Temperature coefficient of reactivity may be restricted 
to a negative value over the entire range from room tem- 
perature to operating temperatures. Some reactor groups 


_ prescribe values to be achieved at particular temperatures. 


Still others allow a slight positive temperature coefficient 
over certain ranges of temperature. 

The void coefficient in water reactors may be limited to a 
negative value at operating temperature and pressure. But 
it should not be too strongly negative because of problems 
introduced by bubble collapse. 

Peak-to-average power-density /imit may be imposed to 
assure a minimum thermal performance of the core. 


Elk River Reactor 


® Void coefficient is to be moderately negative at op- 
erating temperature and pressure. A value in the range 
0.1—0.2% 8k per % void is desirable. 

@ Any single fuel-cell area defined by the control-rod 
configuration should be at least 5% subcritical with all 
the control rods inserted. 

@ Sufficient excess reactivity to provide for 10,000 
Mwd/ton average burnup. 

@ Complete xenon override on shutdown except during 
the last few months operation before refueling. 

@ Control-rod worth sufficient to shutdown subcritical 
at room temperature and beginning of life with the most 
reactive rod wholly out of the core. 

@® Backup safety system using soluble poison that can 
shut down the reactor under any emergency. 


Large PWR Design * 


@ Maximum local burnup of UO, no more than 25,000 
Mwd/metric ton of uranium. 

@ Core life of at least three calendar years or 2.4 full- 
power years at 80% plant load factor. 

@ Core design life to be based on equilibrium xenon 
and samarium concentrations at full power. 

@® Reference fuel to be stoichiometric UO, compacted 
and sintered to a density of 10.4 gms/cm’. 

® Reactivity control to be by mechanical means. Dis- 
solved poisons to be used only in emergency. 

@ Burnable poison may be used to minimize mechani- 
cal reactivity-control requirement. 


Piqua Reactor 


@ Assume one control rod inoperative. 

®@ Allow for peak xenon override. 

@ Negative temperature coefficient over entire tempera- 
ture range from shutdown to operating. 


“Based on design study of pressurized-water power reactor per- 
formed by Combustion Engineering Inc. 





Design Criteria for Power Reactors 





THERMAL 


internal fuel-element temperature is generally limited to 

value or to a maximum average value. In addi- 

tion, fuel-cladding chemical reactions may limit the tem- 

perature of the fuel-cladding interface (except for short 

periods of time). In general, high fuel temperatures cause 

swelling owing to decrease in fuel strength and increased 
diffusion of gases. 

Fuel-cladding surface temperature may be limited by 
corrosion effects or, in a pressurized-water reactor, to pre- 
vent boiling. Sometimes a maximum cladding-surface tem- 
perature is used to limit the central fuel temperature. 

Coolant temperature rise is generally limited indirectly 
by fuel temperature limits. Occasionally, however, thermal 
stresses within the fuel element may impose a direct limit. 
in pressurized-water reactors the coolant temperature can 
not rise above the saturation temperature of the fluid; thus 
it is more significant to speak of the maximum enthaply 
rise, which is related directly to the steam quality of the 
fluid leaving the hot channel. 

Density changes within the coolant may be limited to 
provide contro! stability in reactors that use boiling heat 
transfer. 

Coolant velocity is usually limited to a maximum value 
by errosion or by vibration resonances and sometimes is 
required to exceed a minimum value because of crud depo- 
sition. 

Heat-flux in water reactors is kept below the value for 
fuel-element burnout — below the point of vapor-blanketing 
of fuel surfaces. The burnout condition is reached in a 
given fuel-element geometry for a particular combination 
of fuel-element heat flux, primary-coolant flow, and 
primary-coolant enthaply. Steady-state local or bulk boiling 
may have to be limited, even when burnout is not a 
danger, because of pitting of fuel-element surfaces or crud 
deposition on the fuel surfaces, The burnout problem is 
most acute during reactor transients; hence, steady-state 
burnout is generally not limiting. 


Elk River Reactor 


® Loca! heat flux less than one-half burnout heat flux at 
hot spot in the core. 

@ Exit quality to be much less than 60 — 80% in any 
channel to avoid dry pipe burnout. 

@ Fuel-element center at the hot spot to be at least 
1,000° F below melting point of oxide. 

® Pressure losses in system limited so that average 
core voids do not exceed 20%. 


Large PWR Design * 


®@ Following limits on error in nominal core parameters 
should be assumed: 

Reactor power +5% 

Primary system pressure +100 psi 

Reactor exit temperature +§° F 

@ Maximum leakage past fuel clusters 5%. 

® Minimum allowable burnout ratio of 2.0 during steady 
state and 1.2 during transients. 

@ No phase change in the fuel during steady-state or 
during the accidental transients considered in protection- 
system design. 


Piqua Reactor 


@ Maximum fuel surface temperature of 750° F. 

@ Minimum coolant velocity in fuel channels of 5 ft/sec. 
®@ No boiling under normal operation. 

@ Reactor power is to be 45.5 Mw(th). 


MECHANICAL 


The reactor-vessel design usually must conform to Sec- 
tion 8 of the ASME Boiler Code, but wherever the ASME 
code conflicts with state codes, the local codes customarily 
apply. Stress limits refer to the combination of pressure 
stresses, thermal stresses (including transients) and piping 
reactions and moments imposed on the vessel. 

Vessel-leakage rate that can be tolerated at the mating 
surfaces of the head and the vess! is usually specified. If 
an omega-type seal is used, the expected rate of seal 
replacement may limit closure-area design. 

Vessel penetrations may be prescribed for refueling 
ports, control-rod shafts, control-rod shrouds and instru- 
mentation through either the vessel head or bottom. 

Core structural supports must not exceed a specified 
load such as half the yield-point stress for mechanical and 
hydraulic loads. A criterion typically calls for combined 
mechanical and thermal stresses to be handled by stress 
fatigue-life analysis. Other criteria might require that all 
structural supports should be cleanable prior to assembly 
and that fillets in all re-entrant_corners have a radius 
greater than some specified amount. 

Fuel-element criteria would include stress limits and 
procedures for analysis similar to the ones mentioned for 
core structure. In addition, criteria would prohibit reso- 
nance vibration induced by coolant flow and Bernoulli 
collapse. Another requirement is that there should be 
little chance of a single fuel-elment failure causing a pro- 
gressive chain-reaction of failures. 


Elk River Reactor 


@ Fuel elements and support structures designed with 
a safety factor of at least two. 

@ Reactor pressure vessel designed according to Sec- 
tion 8 of ASME Code and local state codes. 

@ Design of the pressure vessel to include thermal 
stresses from nuclear heating and also transient thermal 
stress during startup, shutdown and scram. : 

@ Closures on the reactor vessel to limit leakage to a 
low specified rate. 

@ Piping reactions and moments to be included in ves- 
sel stress analysis. 

@ Fuel-element design to provide against failures from 
vibration and handling. 

@ Control-rod design to avoid buckling under maximum 
deceleration during scram. 

@ Control rods to scram in less than 2 sec. 


Large PWR Design * 


@ Primary system design pressure to be 25% greater 
than nominal operating pressure. 

@ Primary system design temperature to be at least 5° 
F above saturation temperature at the maximum possible 
operating pressure. 

@ ASME Code, Sections 1 & 8, shall apply, except that 
all full-penetration welds, with proper inspection, are 
assumed to have a weld efficiency of 100%. 

@® Minimum design life of the pliant exclusive of core 
shall be 30 years of full-power operation. 

@ Control-rod-drive system to have a “fail safe’ scram. 


.Piqua Reactor 


@ Use metal fuel elements and allow 2% volume in- 
crease due to radiation damage. 

@ Use internal unitized control-rod drives. 

@ Provide orifice and outlet-temperature thermocouple 
for each fuel element. 





“Why not put boron in the water when we 
rod?”’ 

“* But how do we get it all cleaned out?”’ 

“Well, why do we have to go down to 70 
wrong with 180° F—we’re not going to swim in? 
as we can depressurize we're all right.” 

The final conclusion of this debate can turt 
many different ways as there are reactors 
River reactor will be able to go 2% subcriti 
temperature with the most reactive rod out of t! 
Yankee will, on the other hand, be able to s! 
in the hot, clean condition with one rod stu 
would depend on boron injection to get dow! 
temperature. 

The lesson we can draw from this exampl 
merely in setting up the criteria for design we alr 
involved in the maze of compromise betweer 
different technical points of view that is a pr 
feature of the reactor design process. 


Complete Set 


One of the problems facing the project engag: 
formulating design criteria is that of providing the 
number and kind of criteria. If we consider thi 
criteria to be analogous to the set of initial conditio 
a physics problem, the criteria must be just adequ: 
determine the problem; too few or too many would 1 
the problem would be under determined or over 
mined. Project leaders rely mostly on their 


experience with a given reactor type to know what criteri 


should be set to determine the design. Without 
experience the project may have to go along during 
design effort setting new criteria or removing contr 
tions between old ones as the need becomes ob 


Freezing Criteria 


Perhaps the trickiest problem the project 
picking the optimum time to freeze each of 
Many design criteria (such as statements of 
spelled out in the conceptual design stage) can 
at the start of the reference phase. But on 
would like to suspend our judgement as reactor des 
until sometime later during the design in ths 
more information will become available on wl 
reach a decision. 

However, we must eventually fix all the criteria 
are to complete the reference design and the longer 
delay our decisions on certain criteria the moré 
we run in holding up the whole design project 
ability to sense the right time for freezing 
criterion is one of the more difficult parts of the 
design art. 

Should we give the go-ahead tomorrow to 
everything on a maximum centerline temperatur 
3,000° F in our UO, fuel or should we hold back for 
more weeks to see if some in-pile specimens now 
examined by another project will justify a higher t 


perature? Someone comes out with a new, super 
type of pressure-vessel seal; would it foul up the proje: 


too much at this stage to scrap our present design 


* W. H. Arnold, Jr. Physics calculations for control 1 
the first Yankee core. YAEC-62 (1959) 
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heid, 


start over with the new one? The answers such 
questions can never come out of a computer They can 


come only from engineering judgement based on profes- 


sional experience. 
Criteria Evolution 


We have implied that design criteria must almost 
ways be chosen on the basis of information that is less 
in complete. Im these situations designers aré 
lly forced to play safe and settle for criteria that can 

be justified by existing data rather than for what they 
unticipate. The classic example is specifying a figure for 
ore life when life depends on radiation damage resistance 
fthefuel. The radiation-damage limit of UO, pellets in 
stainless tubing, for instance has not yet been estab 
hed Some feel it will eventuall, p! e possible to go 

h as 50,000 Mwd/ton witl is fuel but in-pil 


tests so far have not been run bevond 25.000 Mwd/ton 


is hig 
The project manager who wan lesign a reactor 
iround this fuel today although he would « 

ise his design on the 50,000-Mwd 

probably restrict himself to a figure that, in his opinion at 


ast, has been proven feasible by the experience in th 
i 

rhis intrinsic conservatism makes the design criteria 
in excellent place to look for hidden fat in the design 
vhen one is redesigning to improve th periormance ol 
2 second core or a second generation plant 

Generally we expect that as the entire 


grows in experience the design criteria { 


ype will evolve in wavs that permit hig! 


performance. In the early days of PWR 
} 


started out with a criterion that prohibited bulk bollng 
the water leaving the » hannel following 
loss oI coolant now D noi data 


ble the criteri 


ime availa 
num operating hi 

irds of the burnout flux 

Today these have been repla 
that the core shall be design 
operating heat flux at any I hall not « wo 

the DNB flux.* Bulk boiling is permitted 
an appropriate 2-phase pressure-drop analysis 
to predict the flow redistribution caused by boiling 
1 the hot channel. 

But frequently design criteria turn out not to be over! 
conservative. Again on PWR, the project began the de- 
sign of Core 2 fully expecting to be able to revise upwards 

a significant amount the limits that had been set on 
burnup for the U-Zr alloy elements in Seed 1 of th 
first core.— But irradiation tests in the meantim: 
indicated that U-Zr with an appreciable loading of 1 

ould, after long radiation exposure, show an abnormal! 
high rate of corrosion if it came into contact with water 
This difficulty caused the project to turn to UO, for 


Core 2. 


* The DNB flux is that heat flux at which departure fron 

cleate boiling occurs. If the DNB flux is exceeded boiling 

» longer consists of formation of discreet bubbles on the sur- 

ce; the boiling approaches a condition of film boiling where the 
ace of the element is blanketed with a vapor film which 

verely curtails heat transfer. 

t Transactions of the American Nuclear Society, Gatlinburg, 

Tenn., 1959 
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Parametric Studies 


riteria established and rough 
sign variables, the project is ready 
irametric studies. In essence, 
alytical expressions that re- 
es and key dimensions of the 
| hydraulic limits of the ther- 
and to the criticality and 
the physicist on the other hand. 
and initial estimates into 
st generates sets of consistent 
the requirements of his 
Then through a process of 
ition the project as a whole 
optimum set. 

physics and thermal 
narily carried out on large- 
r the first round of estimates 
rough hand calculations 
r the design which is not easy 
a digital computer; also the 
valuable later to check 

ums are working properly. 
cranking out the many 
necessary to demonstrate 
be optimized is generally 
digital computer. Typi- 

ved its own “‘omnibus 

g advantage of the capa- 
ym puter, can solve its particu- 
great generality at a high 
xample the reactor physi- 
digital computers in the 
few-group or multigroup 
to give the hess for a 
f dozen materials per 


these machine codes can 
funds; hence on low-budget 
il proposals, the trend is to 
on previous studies and to be 
r parametric optimization. 


Thermal Studies 


Althoug! esigners do parametric studies, the 
sely associated with this task, 

than the physicist. This is be- 

ire the ones that tie the reactor 

| set the stage for the subsequent 

is the thermal engineer’s equa- 
parameters such as steam tem- 
ponent characteristics and effi- 
equations the non-reactor part 

of its influence on the reactor 
tudies also lead to the selection of 
tual designs for the fuel element and 
ensions for core layout (see p. 102). 
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REFERENCE DESIGN TASK 
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The typical strategy is to write down all the analytical 
expressions which relate the thermal, hydraulic, core and 
plant parameters and rearrange them so that one can 
solve explicitly for a limiting variable such as maximum 
fuel-surface temperature. With thesolution programmed 
on a computer, this variable can be evaluated for many 
different combinations of values of the remaining vari- 
able. The thermal designer then picks out the set of 
parameters that gives the best performance figure and 
at the same time yields a maximum surface temperature 
that falls within the limiting value and otherwise satisfies 
the requirements of the design criteria. 

To see better how this works let us consider a typical 
set of parametric equations for the steady state core. 

For a reactor in which the axial heat-generation pattern 
is a cosine and the total flow passes uniformly once 
through all channels of the core, the maximum fuel-ele 
ment-suriace temperature ae depends on the hot spot 
factors Far and F, and on three temperatures—the cool- 
ant temperature at the core inlet T;, the coolant tempera- 
ture rise in the core AT, and the average film temperature 


drop in the core, 6. (Fe includes the axial peak-to- 


average of 2/2 


Lg Far AT + 36 (Far*AT? + 4F570,?)% 


We will say more about the origin of the hot-spot fac- 
tors in a later section (see p. 106); for the moment we can 
assume that their values are known. To fix 7,,,, then, 
we have only to evaluate the temperature 7, and the 
temperature differences AT and @,. These quantities can 
be defined in terms of the core and plant parameters, some 
of which are given and some of which we want to optimize. 
For a cylindrical core and an incompressible coolant with 
equal flow in all channels the following relations have 
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Definition of Symbols 


Cp specific heat at constant pressure 
ct fraction of system flow passing core heat 
D_ diameter of core 
De. equivalent diameter of fuel-element coo 
F; ratio of core and reactor vessel pressur 
friction pressure drop 
power assigned to pumping coolant thro 
thermal conductivity 
length or height of core 
number of coolant passes through the 
number of cores per plant lifetime 
reactor thermal output to produce 
power 
portion of core cross-section used for flow 
utilization factor of reactor 
viscosity of coolant 
coolant density at the pumps 
mean coolant density in the core 








been established (1)* for a system consisting of r 
steam generator and primary coolant pump. 


| ae ae 357 40.0714 () n 


AT = 0.008 5 L ! 
PpPr DH, Ds 39 cc; a®-™ D 


+ 


This equation says that if the coolant properties c,, p 
p, and yp are specified then the coolant temperature riss 
AT is determined by the plant parameter H, and the 
core parameters Q,, n, F2, a, D, L, D, and 

For the coolant-film temperature drop 

58.2Q,° 2AT° 8),! 2¢9-4u 


DAL D) k° 69 2, 0.8 +79 2 


Except for the core pumping-power //,, @, in 
same core characteristics, but in different combination, 
as AT’ and, in addition, depends upon AT itself. Finally 
for the coolant inlet temperature we have (for dr 
saturated steam) 


T, = T.+ AT,/(e47™/® — 1 
where AT, = cy AT /c’ 


This equation says simply that 7; is defined by the 
exit coolant temperature 7;, the coolant temperature 
rise A7’,, and: the temperature drop @, across the heat- 
exchange surface in the boiler. 

Given values for the 20 or so core and plant parameters 
that appear in these equations, we are in a position to 
solve for the three temperature quantities and henc¢ 
determine 7’,,, the maximum fuel-surface temperaturs 
Some of the parameters will be specified by the design 
criteria, others by the plant system studies and the re- 
mainder are to be optimized under the constraint imposed 
on 7m by the relevant design criterion. 

The description afforded by Eqs. 2-4 is especially con- 
venient since it allows us to determine all three tempera- 


yin that 


* The relations differ from the ones derived in Ref : 
they have been rewritten in terms of core pumping power ir 


stead of system pumping power and have been modified to 


account for internal leakage under the assumptions that 
@ a, the core flow area fraction, includes leakage paths 


1 


@G through the leakage areas equals G through the fuel-ele- 


ment channels. 
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ture quantities directly from the core and plant parame- 
ters; in other formulations AT is not independent of 6, so 
that a value has to be assumed for one or the other 

The parameter equations programmed for digital com 


puters would be similar to Eqs 


the approximations implied by juations W 
replaced by more exact analyse The STDY cod 


if veloped at the Bettis Atomic Powe aboratory 
characteristic of these programs. T1 

STDY-3, performs a complete steady-state analysis of a 
ore with plate-type fuel elements and rectangular water 


channels The code calculates enthalp ind tempera- 


ture rise for the average core channel! fron input parame- 


ters Two-phase pressure drops are evaluated with de- 


sign equations that include the acceleration 


levation, friction and entrance : 


Parameter Optimization 


With numbers assigned to the input parameters, a 
omputing machine can quickly turn out families of solu- 
tions to equations similar to Eqs. 1-4 for a series of values 
of the parameters to be optimized. The program will 
usually print out both the assumed input data and the 
yutput results for comparison 

Through auxiliary analytical expressions the engineer 


in draw on this block of aesign intormation to plot 


parametric curves which examine the influence of a single 
variable on performance To take an ex Am pie the mean 
temperature of the primary coolant has an optimum value 
somewhere between the maximum fuel-element-surface 
temperature and the steam temperatur 

temperature is set too close to the surface temperaturé 
there is little temperature difference to drive the heat 
from the fuel elements to the water and the reactor cor 
becomes large; in compensation the steam generator 
however, becomes smaller. Conversely if the mean tem- 
perature is low the reactor becomes small and the heat 
generator becomes larger. The figure shows curves of 
system fabrication costs vs. coolant flow with the coolant 
mean temperature as a parameter. 

These are typical of curves used to arrive at optimum 
parameter values. In this instance they assume a fixed 
fuel design and definite values for the number of coolant 
passes, the steam temperature and maximum fuel-surface 
temperature. From these curves the thermal designer 
can select the temperature that gives the lowest power 
cost in the region below the maximum flow limit. 

This parametric curve approach to optimization 
although straightforward, is too inefficient of project 
effort to consider treating more than a few parameters in 
this way. In line with the trend to bring more sophisti- 

ation to bear on this problem is a program developed by 
J. R. Dickinson (2) that automatically optimizes a 
function (such as mills/kwh) with respect to a number of 
variables. Dickinson’s routine for the IBM 650, which 

in optimize non-linear functions of up to six independent 
variables, operates by calculating the path of steepest 
descent in a space in which the dependent function 
orresponds to the height and the independent variables 
to the horizontal dimensions. The routine then con- 
tinues to follow this path until it reaches a region of zero 
gradient (the optimum point) or until it runs up against 
one of the design constraints 
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Nuclear Studies 


At the same time e thermal engineer is working on 
the physicist is busy running 
determine the ideal set of core 

from the nuclear performance viewpoint. 
that the images of the core as pictured by 
erge finally into a consistent design, 
dback of information must occur between 
f studies. Hence the physicist’s findings 
lerator-to-fuel ratio and power 
the input for the thermal engi- 
lies, and the thermal engineer’s 
ind limiting power density in 
ore refined physics computations. 
st’s first step is to establish the 
ld clean system; using this 
es on to determine loading and 
practical fully loaded core. 
ean system because the in-put 
id accurate for this condition. 
objective in these studies is to 
irving core configuration and 
ensions on key nuclear parameters such as the 


power pattern, reactivity coefficients and 


He is then in a position to select the set of core 


optimizes some measure of reactor 
fe, while still satisfying the 


times increase, as they must to 
reactors economic, the problem of 
ling reactivity lifetime is becoming 
pal concerns of the physicist. The 
er uranium loadings that come with longer life mean 
ntrol problems that require new solutions such as 
These poisons permit higher loadings 
thout increase in the number of 
ons, however, do not burn out at 
rate as the uranium so that core and accuracy 
required in establishing the amount and disposition 

I the poisons 
Other lifetime eff nelude determination of fission- 
product poisons on uranium loading, buildup of new fuel, 
: neutron flux patterns with lifetime and effects 

\d programming on these patterns. 

omputé fetime effects by two-group 
f successive time intervals until 
of core life in terms of reactivity is reached. 
omplicated by many assump- 
is the assumption regarding 


computations 
t the least of 
ife history. 

l I long life effects is today one of the 
lifficult jobs the physicist has to perform. The 

| is toward more elaborate machine codes, including 
dimensional multigroup and Monte-Carlo calcula- 

ions, which will strain the capabilities of even our 


newest and largest computers. 


Interaction with Layout 


During the time the physicist and thermal engineer are 
going through their parametric studies, the mechanical 
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engineer is addressing himself to the task of core layout 
(p. 102). In a sense this also is a kind of parametric 
study since he draws up a large number of possible core 
arrangements (perhaps as many as 40 or 50) from which 
one is finally selected. In the frequent conferences 
during this period with the other two members of the 
team, he keeps himself informed on the current thinking 
about the nuclear and thermal parameters that enter into 
core layout and feeds back to the physics and thermal 
engineering studies any limitations imposed on these 
parameters by layout considerations. 

To see what sort of interaction might occur between 
these two areas of effort let us consider the problem of 
setting the fuel-assembly size in a reactor core made up of 
square close-packed assemblies. The thermal engineer 
would like to fill out the core with larger rather than 
smaller assemblies since his studies show that the larger 
assemblies give a better performance because they have 
a higher ratio of effective heat-transfer area to dead- 
structure volume. Physics would also favor large 
assemblies because they would allow more fuel space per 
unit core volume. But the mechanical engineer can 
remind his colleagues that both heat-transfer and fuel 
space are sacrificed unless the assemblies fit into a 
pattern that minimizes void spaces at the core circum- 
ference; this is easier to do with smaller-sized assemblies. 


PARAMETRIC STUDY of system fabrication ‘costs versus coolant 
velocity for various values of mean coolant temperature. 
T; > Tz > Ty; all other parameters are held fixed 


The mechanical engineer can go on to invoke fuel-plate 
collapse from the Bernoulli effect as an absolute limit on 
assembly size and may point out that the problems of 
thermal stress, local heating at outside corners and 
refueling-port penetrations are all made worse by larger 
assemblies. The thermal man could argue that plate 
collapse could be eliminated as a worry by putting spacers 
between the plates at the outlet end. At this point the 
physicist may decide that smaller assemblies are not so 
bad after all because they allow more flexibility in 
planning his fuel shifting schemes, 
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REFERENCE DESIGN TASK 


THE MECHANICAL ENGINEER is cl 


evolving a core arrangement that is commensu 
the reactor parameters that are evolved by thx 


and the thermal engineer. Since the cor 


arrangement is fundamental to all the design 


iterations to follow, all the related technic 
must be predicted, appraised and resolved 
project. A change in approach later to a 
nical roadblock usually results in many new 


The layout process requires continual inter 


the technical facets of the project. Consider 
ple, a heavy-water reactor. A layout step ti 
by decreasing the reflector thickness eventua 
lowering D.O inventory, simplifying vess« 
raising enrichment (or quantity) of uraniun 


the thermal shield, and changing fuel burnu; 


tribution and power output. Each of tl 


“WAY OUT” LAYOUT is exemplified by the skewed core of 
Belgium's BR-2 testing reactor, designed by Nuclear Develop- 
ment Corp. of America. Skewed fuel-coolant channels space 


_fuel access ports while keeping core compact 
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earlier reactor projet ts, Wl 


Core and Vessel 


fiects other features—less D.O iny 
tank design, altered flux distril 
nounced power distributio 

flow and pumping 
optimization, while im 

| 


beyond a certalm point 


t a near-optimal ae 


you reach the point 


The Role of the Mechanical Engineer 


The mechanical des er e' lates ne 
i ail Li A ipiicl 44a A 


ight of desirable arra 
ind comes up with a « 
Although the mechani 

must meet the same so 

onventional practice 

istics unique to nuctk 

transients, materials re 
vity considerati 
al stresses, he 


‘ 


gamma 


pressure-vessel walls. In 


uld add thickness to the 


posited 
selves to the type of ser 
formed on conventior 
juipment. Thus react 
iable to ensure ontin 
dic Inspection an 
so that faults can be 
orrected whenever possibl 
d forces of thermal di 
ing operation and 
ments may appear seu 
they require special emp! 
Trends. Thereisatrend 
and mechanical engineering 


actor projects. In fact component 


ment programs are pursued independently ol 


actor projects. These, together with ex; 


ll ease the ten: 


portant data are available. More emphasis 


focussed on malfunction analyses and studies « 


iffected by control-rod location and loss of 


ations. Such trends promise tighter design 


row’s reactors. 


nges dump- 


more pro- 


nges coolan 


y ? 
specific re- 


erience on 


forced by 


me and fund limits) to make design decisions before im- 


s being 


I salety as 


coolant situ- 


lor tomor- 
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Layout 


Reactor Internals 


ore depends primarily on 
tself, but the pressure ves- 
rest of the plant layout 
design group must keep 
ins the core arrangement. 

g the diameter of a core cuts 
ywer distribution, it also 
essel and other materials 


Core location within vessel. The thermal and me- 

trv t ate the core far enough from 

ermit sufficient space for core- 

. or other means to get 

flow into the core without 

mversely, the fuel handler 

ssel so that a high water shield 

\lso, the control designer wants 

ght for control-rod movement. 

i Massive nozzle on the vessel 

the vessel designer wants the 

mize radiation heating of the 

the core usually ends up near 
iat beneath it. 

ngineer tries to fill out a cylin- 

tangular fuel assemblies, the corner 

side wall of the pressure vessel 

uts the reflector and accentu- 

center. Thus the corner ele- 

iitted and the core cross section 

rather than a circle. To get 

vithout adding to the diameter, 

re us ends up being higher than its diameter. 


Vol. 18, No. 6 - June, 1960 


Fuel support. The mechanical engineer must devise 
means to hold the individual fuel elements in place in 
relation to each other and to the other core components in 
such a way that the coolant can flow between them with- 
out blockage. The reactor physicist and thermal engi- 
neer define the spacing and the flow rate. Normally the 
fuel elements rest on a grid supporting the core, but some- 
times they hang from a structure above the core. There 
frequently is a holddown grid or other mechanism over 
the fuel to keep it from rising as the coolant speeds upward 
past it. 

The structure that supports the fuel assembly in the 
core together with the structure holding individual fuel 
assemblies together is complex, must be made to tight 
tolerances, and must be strong so as to support the heavy 
fuel rigidly during all operating or malfunction condi- 
tions. Per pound, its cost is next only to the fuel itself. 
For high-power high-flow reactors, some form of shroud 
around the entire core, perhaps including the reflector, 
holds the internals firmly in place. 

Thermal shield. To prevent thermal stresses caused 
by radiation absorption in the pressure-vessel wall from 
combining with the pressure stresses to exceed allowable 
stress levels, the mechanical engineer designs a steel shell 
inside the vessel wall to absorb some of the radiation 
escaping from the core. To ease fabrication and cooling 
of this thermal shield, he makes it in several pieces with 
coolant channels in between. For instance, if the physi- 
cist calculates that allowable flux in the vessel wall can‘ be 
achieved if a 6-in.-thick thermal shield is used, the me- 
chanical engineer puts a 1-in. shield within 2-in. and 3-in. 
ones. Coolant plenums and baffles at either end of the 
fuel channels serve also as thermal shields, as do down- 
comers and internal steam generators, supporting struc- 
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turals and other vessel internals outside re itself. CRBR neutron dete 

Control rods. Control rods complicat I < he they are mort 
thermal analysis and vessel design. For natu: iranium tube ‘‘ windows” in the 
reactors particularly, the physicist wishes t | regu- the sensors Sut for 
lating or shim rods that take a big bite of |} t1 iring local flow, tempera 
supply and reactivity margin. For t nadiat nside the core Design 
CANDU reactor, D.O level will be varied t 


reactor, continuous refueling will serve as a for f shi retting their leads thro 


4 if 


g flux and flow perturb 


control to compensate for burnup and D 
perhaps safety rods) will be used fo Reactor Vessel 
reactor. Vessel size is determ 
In any reactor, space available limits contr od dl i the internals as we 
mensions. If the cell into which a control 1 be ocesses and costs 
inserted in a reactor is small, an individu ntr The core, flo 
must be small and there must be many of ther o get tl vessel of diamete: 
total control needed—this raises number of ve ric] reactors; natural- 
penetrations and control-rod actuators. I I ther require a vessel of about 
hand, too few control rods in the core region accentuati shipped by rail, diamet 


the physicist’s and thermal engineer’s problems wit Thickness. Vessel 
uneven power distribution. (See discussion on } the pressure of the coo 


In the tightly packed core of an enriched reactor ’ water reactors operate at 1,200-2,500 


thin control blades move either into chann n s] i reactors at 800—1,000 ps rgani 
fuel elements, or into channels between fuel element he it 150-300 psi, and about 150 psi { 
latter (with cruciform control rods and channels | eel tors or the moderator 

fuel assemblies) is common because it permits more fl Maximum thicknesses 

bility during refueling. + in. for stainless stee 

Instrument leads. For routine operatio rumer field fabrication, costs for 
can be limited to those for measuring outlet t erature be high because of diffi 
and flux. For these purposes, sometimes the set 11 ng, but particularly be 


be located outside the reactor vess« oO! I il -reliey The 


FAST BREEDER reactors designed by Atomic Power Develop- Breeder Reactor (right), which would operate in 1965, is smaller 
ment Associates, Inc., show improvements made possible by and simpler than the Fermi Reactor (left) and has a simpler 
technology advances and experience. Plutonium Fueled Fast refueling mechanism and no internal neutron shield 
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yut Britons now feel they can field- 
ip to 414 in. thick. 
gineer tries to stick to ASME Code 
gning reactor vessels, but he also 
damage to the vessel material as 
is thermal stresses due to radiation heating (which 
kness) and thermal transients possible 


, tor 
i 


Shape. Most reactor pressure vessels are cylindrical 


is fabrication and reasonably low neutron leakage 
Hemispherical heads are used except 

ake it worthwhile to use ellipti- 

thicker and thus more suscepti- 


by radiation heating). 


sused 

the tendency was to use stain- 

vessels despite its higher cost and 
npared with carbon steel. A com- 

es these problems involves cladding the 
irbon-steel vessel with a thin layer of 


ed or welded to the carbon 


trying to use a carbon-steel 
in example is the Process Heat 
orrosion products on reactor 
ition continue as potential 


r vessel is hung from above its 
ension; if supported from beneath a com- 
luce the tensile stress due to inter- 


EBWR vhose internal pressure is a 


ed down from above so that 
head will not blow out and 


due to thermal expansion, CRBR’s 
strong flexible legs; the pumps, 
essel with 23-in. pipes, mount 
ermit sliding and on a trunnion 


gh-pressure enriched reactors 
ind EBWR, or even large moderate- 
tain’s gas-cooled units, can 

‘ Sut the large heavy- 
pressurized natural-uranium re- 
i for some slightly enriched 
to or be built at the reactor 
int tubes through the core can 
ontainer (as though the fuel 
a heat exchanger). Russia’s 
tor to use pressure tubes; 

e Reactor will be the first 
followed by Carolinas Viriginia 
ear group. Pressure tubes in 
grief because they introduce 

ng material, and, since they 

1 the coolant, they prevent a 
the temperature coefficient 
d, by keeping the moderator 
yperation, the pressure tubes 
ition to the reactivity of 
take advantage of this 
chanical engineer insulates 
ilandria tube. Although 


D.0 int : ] u | provide some insula- 
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tion, the GNE design for ECNG has gas space as the 
baffle. Inthe CVNPA and a Dupont design the pressure 
tubes are in the form of U-tubes with D.O coolant 
entering and exiting from the top. 


Reactor Appurtenances 


The core arrangement and vessel design affect, and 
are affected by, provisions for driving the control rods 
and for refueling. For instance, Shippingport and a 
Russian design shown at Geneva typify those whose 
control mechanisms, instrumentation, and refueling 
ports are on the upper head of the vessel—which makes 
maintenance and refueling difficult; the long control 
rods must be detached before the head can be removed. 
This problem is eliminated by mounting the drives on the 
lower head of the EBWR and Dresden vessels. Dis- 
advantages to this are that a subpile room is needed, the 
mechanisms are less accessible for repairs, and particu- 
late matter and gunk drops into the seals. Also, future 
changes in Shippingport centrol-rod patterns will require 
only a new head, not an entire new vessel as will most 
bottom-mounted designs. A third possibility is pre- 
sented by the ECNG reactor design, which has 33 con- 
trol rods that enter the vessel horizontally from opposite 
sides. 

Refueling. To minimize downtime the reactor oper- 
ator wants the mechanical engineer to design the refueling 
provisions so that fuel can be changed quickly. Thus 
the vessel seal must be breakable and resealable quickly. 
The need to shield and cool spent fuel causes the physicist 
and thermal engineer to impose additional requirements 
on the work of the mechanical engineer. 

Most natural-uranium reactors, in which the vessel is 
large and fuel elements are comparatively widely spaced, 
are refueled through individual ports in the vessel. The 
2,000-psi enriched Shippingport reactor has refueling 
ports; experience will show if it is more trouble to open 
and reseal them individually than to remove the entire 
vessel head. Most enriched reactors are refueled simply 
by removing the head and lifting individual elements 
through the water above the core, then putting them into 
a storage pool or shielded cask for shipment to the 
reprocessing plant. Underwater handling with long 
tools shields personnel while permitting a direct view of 
the work. 

Highly enriched small reactors can be refueled by 
opening the pressure vessel and lifting the entire core 
basket into a shielded cask. But fora larger core, weight, 
structure and fabrication tolerances may make this im- 
practical. Also, since the flux pattern isn’t flat, eco- 
nomics makes it desirable to rearrange the fuel elements 
to extend core life. 

Generally, complex refueling machines are practical 
only when core physics dictates that elements be refueled 
individually and often, as in natural-uranium power 
reactors (NPD-2, CANDU, G2, G3). An exception is 
sodium-cooled reactors, where refueling personnel can’t 
see the core—in which case machines with indexing 
mechanisms are needed. The Fermi reactor avoids 
multiple-closure problems by having the refueling 
mechanism inside the vessel, which is enlarged to accom- 
modate the machine. The low-pressure SRE has a 
revolving head and an external refueling machine. 
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REFERENCE DESIGN TASK 


Temperature 


AT THE PLANT-SYSTEM LEVEL of desigt reactor it the temperature-fl 
is seen as a black box that takes in coolant at a certa lependently of the 
temperature and ejects it at some gs} ned vith the rest of the 
temperature. This treatment implies a set I different types of 
fuel temperatures within the box. B is I ed to confusion ¢ 
uniformities in power distribution and u t es il emperature dev 
local power-generation rate and flow rate t pel out Iron 
tures throughout the core can deviate signif I fror wer density 
these nominal values. Since the limiting temperatur ower density 
criteria have to be applied to the most extr t pel xamy a | 
ture conditions in the core rather tha t error in this cal 
conditions, there is always an undesiral f the core 1s an examy 
the maximum limits and the realistic aver rojects define the hot-s 
temperatures. The core designers, to pt timul f mperature de 
core performance or perhaps just to meet t minimul! tatisti deviations i 
goals, must pool their talents in a major effort to S predictable variations 
this gap by flattening out variations in { t ratur hippingport follows 
throughout the core. I ml people cal 

For the majority of reactors, in which fuel t ratul tatistical variatio! 
is the ultimate limit on performance, t 
flatten temperature and not flux or power 
engineer would like nothing better than t 
fuel elements at exactly the same temperatures 
minimize the temperature variation—along 


. 


line, say—within the individual element 
axial roof-top power pattern like this 


iminary analysis 
initial design studi 
effects on the ne 
would have a much larger peak-to-average power ratio ah ot only gross 
than a nicely symmetric chopped-cosin: 
if the peak is at the coolant inlet end, th 
ture variation along the fuel centerline w 


il neutron-flux peaki 
reactors in the channels 
ontrol-rod channels wher 
Usually the initial anal 
ixial and radial peak-to-ave age powt ys and loca 
Traditionally, reactor designers have used the not- vater-hole and self-shielding factors factors ar¢ 


ine 


Hot-Spot Factors 


spot factor” to relate local extreme conditions to the iseful in developing a preliminary design but must b 
average conditions defined by the gross core parameter replaced as the reference design matures by an actual 
This description has the advantage that one can sep integration of the flux plots to compute hot-spot tempera- 
vaptilaions tures. As we mentioned earlier, it is especia important 
to look carefully at the axial flux shape ti e if advan- 


*In water-cooled reactors flattening the DNB 


times be a more appropriate objective. iges can be gained irom ‘root! topping 
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Flattening 


CeMTER CNG 


nder nue lear-hot-spot 
based on estimates of 
ilated nuclear factors 
f the Shippingport core, 
were not separately 
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nt warpage can, sometimes, 
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AN 77 


drop from the fuel-element surface to the bulk coolant 
stream. 
@A factor, F defining the peak-to-average heat flux 
in the core 

Other projects might include factors for dead bands 
in the instrumentation that detects and controls reactor 


powe I 


Combining Hot-Spot Contributions 


In their efforts to determine a comprehensive hot-spot 
factor the reactor designers may track down a few dozen 
individual effects each of which can contribute in some 
way to make a local temperature deviate from the ideal 
value. The designer has to combine the contributions 
from these numerous sources‘into an over-all hot-spot 
factor that relates the temperature of the hottest point 
in the core to the nominal value. 

Everyone combines the nonstatistical factors by 
multiplying them together; with the statistical factors, 
however, there is a fundamental difference of opinion in 
the field about the best method of combination. One 
side says that contributions of this kind should be 
multiplied together to allow for the worst possible case; 
the other camp insists that a statistical sum (the square 
root of the sum of the squares) should be used. To 
illustrate with a simple example—the uranium loading 
in an element might deviate from its nominal value by 
enough to cause a 2% increase in centerline temperature; 
fuel-element warpage might, by blocking flow, be capable 
of also increasing the centerline temperature by 2%. 
Should one say that the combined effect is 2% + 2% = 
4%, which assumes both extremes occur simultaneously 
in the same element, or should one use (2? + 22)” = 2.8%, 
which assumes that the probability of two simultaneous 
extremes is small? The pros and cons of this question, 
which were presented at a NUCLEONICS roundtable meet- 
ing (NU, Aug. ’59, 92), can be summarized briefly as 
follows: 

The ‘‘traditionalists” who want to multiply the statisti- 
cal factors together agree that their method is conserva- 
tive. But they argue that even upper limits for many of 
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Shippingport Hot Spot Factors* 





Engineering Factors 


Flow distribution 

Fuel-plate warpage 

Variations in thickness of uranium-bearing materials 
Variations in fuel concentration 

Eccentricity of uranium-bearing materials 
Variations in coolant channel thickness 

Heat transfer correlation 

End conduction from fuel (where applicable) 

End coolant channel effect (where appropriate) 











Nuclear Factors 


Maximum-to-average power, radial 
Maximum-to-average power, axial 
Water-hole peaking factor (where applicable) 
Other Local Peaking factors 


1.25 
2.00 
1,29 
1.09 





Product 


1.61 3.51 3.51 





Combined Factors 


1.97 6.21 4.24 














*Core-1 Seed-1 at start of life. ‘‘The Shippingport Pressurized Water Reactor,” P. 103, Addison-Wesley Publishing Co 


the individual factors can not be estimated with any 
reliability and that until we have more experience we 
should continue to use the ‘worst-possible-case” 
approach to provide us with enough safety margin to 
cover both misjudgments on the size of the known 
factors and the effects of as yet undiscovered factors 
They point out that their method may not be so con- 
servative after all when one views the situation over the 
entire core life; the probability that the worst possible 
case will come to pass at some point during this period 
may not be small after one takes into account the 
sizable shifts in power and temperature distribution 
which accompany fuel burnout and changes in control-rod 
pattern. 

The “revisionists” assert that the question is not one 
of being properly conservative but rather one of following 
an analytically sound procedure. They say that you 
can be as conservative as you like with their method by 
assigning large probable errors to the individual con- 
tributions but that the important thing is to combine 
them in accordance with the dictates of physical theory 
which says that statistical quantities should be combined 
by a statistical sum. Only in this way, they claim, can 
you really see what you are doing—just where you are 
being conservative and by how much. A characteristi 
feature of the statistical approach is a statement about 
the probability of exceeding design criteria. The Fermi 
project (one of the first to use this approach for 
power reactor) calculates a hot-spot factor whir 
claims will be exceeded in only one reactor core out of 
1,000. The Allis-Chalmers gas-cooled reactor design 
group has gone even further and uses the method to 
design to an “‘expected”’ fuel-element-failure rate. 

Some projects are considering a compromise approach 
In the initial computations they would continue to 
multiply all the component factors together. After 
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they had built the core and completed final neutron flux 
analyses, they would then use the as-built data to make 


statistical estimates of fuel-element failure rate. 


Reducing Hot-Spot Factors 


Both traditionalist and revisionist would agree that the 
really important problem facing any reactor project 
group is not how to ealculate the hot-spot factors but 
how to minimize them by appropriate core design. What 
kinds of things can the three disciplines do to flatten out 
unwanted temperature peaks which limit performance? 

The thermal engineer has always had a prominent role 
in this task since it is his job to calculate the detailed 
temperature distribution throughout the core and to see 
that it falls within the temperature criteria. With the 
push to higher-performance cores, however, projects are 
beginning to become more fully aware of how importantly 
the reactor physicist figures in the temperature-flatten- 
ing-program effort. Although the reactor physicist even 
today may still need to be encouraged by the thermal 
engineer to work on this problem his efforts largely 
determine how much temperature flattening is achieved. 

This is true because the biggest source of temperature 
peaks in a power reactor is usually the variation in local 
power generation caused by unfavorable neutron-flux 
distribution. The success of the whole project may 
depend on the reactor physicist’s success in tailoring the 
neutron flux to smooth out both gross and local variations 
in core temperature. For instance, Shippingport could 
not have achieved its 60-Mw(e) core had reac 
been unable to make significant improvements 1n the 
initial flux patterns. 

Some of the design tricks the reactor physicist can call 
upon to reach this goal include varying the fuel and 
moderator concentrations with position mn the core 
adjusting the number and arrangement of control rods, 
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since the self-shielding 

wn a larger initial fuel loading 


li power-density 
engineer can think about dif- 
int channels In PWR the 
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that the pattern of orifices 

r the power pattern at begin- 











FASTENING HELPS FLATTENING. Flat plate fuel design in 
which plates are brazed to wall (left) has been largely super- 
seded by designs such as one on right in which plotes are 
fastened to wall by tabs that project into slots milled out of wall 
at number of points along assembly length. New design gives 
tighter tolerances which in turn permit flatter flux distribution 
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ning of life may no longer be appropriate at some later 
time when the power pattern changes with burnup. To 
get around this the designers of PWR put orifices in the 
blanket assemblies that can be replaced with ones of 
different size. But this replacement is a cumbersome 
out-of-pile operation of the kind that engineers who worry 
about minimizing operating down time would like to 
avoid. On Core-2, Shippingport designers are consider- 
ing devices for changing orifice size with the assembly in 
place; one of the problems here is how to guarantee that 
the reactor can never get into trouble because of an 
error in adjustment. Perhaps the ideal solution to this 
problem will be a thermostatically controlled orifice (like 
those in the cooling system of an automobile) which 
would automatically adjust the flow through the assem- 
bly according to the instantaneous temperature of the 
coolant exiting from the assembly. 

Another possibility that thermal engineers can consider 
to help flatten temperature is a two-pass flow scheme. 
The coolant mixing between the first and second passes 
keeps the temperature peaks (from control-rod patterns 


or in statistically hot channels) below what they would 


be in a single-pass core. In addition, for the same size 
core and coolant velocity, the two-pass system can 
remove the same amount of heat with about half the 
coolant flow. 
doubles the coolant-temperature rise. 


However this increases pressure drop and 


Mechanical Engineer’s Role 


The mechanical engineer’s contribution to temperature 
flattening is less well defined than those of the physicist 
and the thermal engineer. To some extent he acts as 
“leg man’”’ for the other two in that he has the job of 
translating their ideas for temperature flattening into 
hardware. If the thermal engineer wants adjustable 
orifices or the physicist a variable fuel spacing, the 
mechanical engineer has to think of ways to provide 
them. He becomes more directly involved in tempera- 
ture flattening through his concerns with fuel-assembly 
tolerances, which, as we have seen, make important 
contributions to the hot-spot factor. Here he is the 
person best qualified to arbitrate the conflicting views of 
the thermal engineer, who would like tight tolerances to 
reduce hot-spot factors, and the fuel fabricator, who 
would like to avoid tight tolerances because they make 
fabrication more expensive. 

In the long run, the mechanical engineer’s most 
positive contribution to temperature flattening consists 
in applying his ingenuity to produce fuel designs that 
can be fabricated to the desired tolerances with inexpen- 
sive techniques. The perfect example of this is the new 
trend in flat-plate-fuel designs in which the plates are 
held to the side walls by mechanical fastening arrange- 
ments (see figure). In replacing the old-style brazed 
bond, these schemes avoid the undesirable effects such 
as warping of the plates and annealing of the assembly 
wall, often introduced by high-temperature brazing. 

In rare instances the mechanical engineer may actually 
find himself opposed to some of the goals of temperature 
flattening. For instance he may be counting on a lower 
fuel-centerline temperature at the reactor inlet end to 
provide the cladding strength needed to resist the 
greater hydraulic-pressure forces at that end of the core. 
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REFERENCE-DESIGN TASK 


Reference Fuel Design and 


THE PROGRAM LEADING to the fuel refer 

starts formally from a point more or less defi! 
reactor conceptual design and the subsequent | 
studies. How well defined the fuel design is a 

depends on the previous development and 
experience with the fuel type. 

The objective in fuel-reference-design developmen 
to establish operational suitability and 
feasibility. For commercial power reactors 
consideration is minimum fuel-cycle cost. 

For the reference design, fuel developme nt 
to the following stage: (1) Irradiation bel 
materials (radiation and burnup effects 
well known from previous experience and pr 
in-pile capsule tests. (2) Other materials proper 
be known, such as thermal, mechanical, 1 


+3} 


corrosion properties and materials compa 


Fabrication feasibility and tolerances 
demonstrated. (4) A fuel 
probably have been made and some flow and thermal 


element prototy 
tests made. (5) A program will be draw: 
pile and in-pile testing. 

All the fuel-design details must 


ontinuous exchange of ideas and information 


Ip lor out-ol- 


metallurgist, physicist, thermal designer 
designer. The latter usually coordinates 


with the responsibility of satisfving 


Design Considerations 


The table be low lists 
irious factors importan 
Ratings for these factors 
re given for the different f 


or Oak Ridge ’s GCR-2 rv 


HOW WELL DO FUEL SHAPES MEET REACTOR REQUIREMENTS? 


— Designers of GCR-2 rated candidate configurations on scale from 1 (good) to 5 (bad) 


REQUIREMENTS 
Fabricability 


Surface/vol. 
ratio 


Structural 
stability 


Internal 
thermal path 


External 
thermal path 


Thermal 


stability “ 


Chosen for 

2; 40-in. rods 
suspended from 
above, spaced 
top and bottom 


Down-rated on 
surface/y 
ratio for 
nuclear reasons 


REMARKS 


The basic fuel element configuration for GCR-2 (above, left) 
was chosen primarily for fabricability. Surface/volume-ratio 
requirements were met by allowing capsule diameters to vary. 
Structural requirements were limited to consideration of weight 
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abs canti 
evered from 


Fins for heat 
transfer only; 
oor 0 one edge; poor 


fabr cability 


t 
n 
v 
‘ 


fabricability 





loads. Internal thermal path was considered briefly, and 
external thermal path and thermal stability not at all. How- 
ever, the importance of each of the requirements in a particular 
design should be considered for optimum performance 
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poison throughout the 
lamage to the matrix in 
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Minor amounts of burnup reduce the ductility of 
metallic fuel materials drastically. As an example, the 
PWR seed I alloy, 6.7 w/o uranium in zircaloy-2, has 
increased mechanical strength over zircaloy-2. But, at 
less than 0.1 a/o b irnup, no measurable plastic deforma- 
tion is noted in postirradiation tests (3). 

Swelling of metallic fuel under irradiation places an 
upper temperature limit on the use of an alloy. Thus, 
for the PWR zircaloy-base alloy, there is a critical 
swelling temperature of about 900° F (3). Below that, 
swelling is less than 6°%% per a/o burnup; at higher 
temperatures, swelling is considerable. Swelling is 
generally attributed to plastic deformation of the matrix 
by the agglomeration and internal pressure of the fission 
gases. Some 1! int could be provided by thick 
cladding with a sa 

The high-té 


make it a popular fuel material for many current reactors. 


in added potson. 
iperature and radiation stability of UO 


However, opposing opinions still exist as to the necessity 
of high density for minimizing fission-gas release. 

The fuel for Shippingport and subsequent reactors is 
high-density UO.s, about 95° of theoretical density, 
which is based on the desire to k ep fisslon-gas release to 
aminimum. This conservative approach is intended to 
avoid two potential effects: (1) reduced heat transfer to 
the coolant by the mixing of fission gases with the helium 
in the annulus between fuel and cladding; (2) cladding 
rupture by fission-gas pressure at high burnup. At 
a density 97% of theoretical, fission gases released are 
less than one-tenth the amount released at 94% of 
theoretical (3). Also, the amount released increases 
markedly with increasing time and temperature. How- 
ever, experiment and analysis have indicated that, 
at burnups five times the maximum PWR Core I 
burnup, the deleterious effects do not appreciably limit 
performance (3 

Taking the opposite approach, Hanford has adopted 
low-density UO, for the Plutonium Recycle Test Reactor 
(4). The motivation is primarily low-cost fabrication. 
Rather than the relatively expensive compacting, sinter- 
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ing and grinding process used for PWR p 
swages vibration-compacted UQOs. in zirca 
Swaged density is about 89% of theoretical, and 
rods are designed to accomodate total fission- 
by the | Oo. 

Extensive sintering and recrystallization 
in the range 1,700°-2,700° C. In this rang: 
density pellets release appreciable quantit 
gas (4). Thus, experience may show tl 
expensive approach is satisfactory. 


Fabrication 


Fabrication of the fuel element is carried 
at the reference-design stage to indicate that 
done and that the desired tolerances ar 
attainable. It is not necessary at this poir 
the detailed production steps. 

Tolerances are important to the therma 
maintain good thermal contact between th 
Also, in avoiding hot spots and excessive 
fuel temperatures, this is important to 
designer for maintaining fuel integrity. 
hand, tight tolerances may mean higher 

Frequently, concern over tight toleran 
The fabricator can meet them if necessary 
glad to since tight tolerances are easier t 
the narrow range of variation makes insp¢ 
Thus, the real problem is the designer's 
uncertainties about the effects of loos 
temperature and irradiation instabilities 
obliged to pay the higher cost. 

Sometimes there is confusion of tert 
tolerance when they mean clearance. Ge 
trouble is that tolerances are not tight enougl 
too little or too much clearance. Ultimately, nature 
the criteria—maximum clearance is determi 
thermal needs and minimum by fuel growt! 


Fuel-Tests Program 


The thermal, flow and nuclear characteristics 
the structural integrity of a fuel element can be 
factorily determined before putting one into the reactor 
Stability under reactor conditions can be determined wit! 
some accuracy by elaborate in-pile loop-testing, but at 
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great cost in time and money. The complete statistical 


answer must await operation of the reactor under design 
To keep in-pile testing to a minimum, it sl 
preceded by intensive development. On the 
materials properties and knowledge of radiation effects 
stresses imposed by operating conditions should | 
analyzed. Thus, the in-pile tests would serve ts 
the expected performance, providing a reaso1 
estimate of fuel life expectancy. 
At the reference-design stage, only enough testing 
done to establish the functional feasibility 
design. If data does not exist, a capsule 
an indication of burnup capability may be n 
mockup of the design is submitted to some flo 
testing. However, most of the hydrau 
corrosion and irradiation testing will be per! 
the reference design is established. 
Cost of tests. A simple irradiation test 
uninstrumented capsule containing three or 
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the cost may rise to $20.000—40.000 
S—24 months to procure materia 
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ising in-pile flow loops cost $1-mil 
Because of the expense and tin 
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Commercial-reactor « 
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The full-scale tests give more a 
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ibration. However, the electrica 
full-scale burnout tests is discouraging 
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rapid advance in materials technolog 
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REFERENCE DESIGN TASK 


Reactivity Requirements 
and Control-Rod Design 


WITH Few XCEPTIONS today’s power reactors 

. t I Alternative control 

iriation poisoned coolant, 

eflector—exist but seldom 

Therefore, the engineer- 

almost always consists in 

es for control rods, designing 

ducing penetrations in the 

ement of the rods and mak- 
ment 

it that provides adequate 

be a frustrating experience. 

r instance, felt that this was 

em in designing the Elk 

de fuel in this reactor per- 

he core life is limited by 

nsate excess reactivity in 

m becomes: how many 

ow much reactivity can be 

original Elk River core design 

|2-in. spacing; each rod had 

rhe final design now has 13 


ides and 1124-in. spacing. 
Roles of the Three Disciplines 


control system requires the 

tivities, the thermal engineer 

the mechanical specialist to 

ss and clearances for moving 

d warp. Computations are 

den of development rests with 

rit il assemblies and mechanical! 
ul plastic. 


Phi sicist must evaluate and adjust the reactivity 
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worth of the control rods to provide reactivity for various 
reactor operations. Not only the worth of individuals 
but the reactivity worth of the entire control-rod pattern 
must be evaluated. Finally studies of transient behavior 
and effect on safety of the system are in the reactor 
physicist’s domain. The first problem that the physicist 
faces in the design of control rods in getting the required 
amount of shutdown reactivity. He must be able to 
guarantee shutdown within a prescribed time at pre- 
scribed operating conditions, often with one of the rods 
stuck all the way out. (This stuck-rod criterion is 
discussed further on p. 96) 

A complication, difficult to compute, is the shadowing 
effect of one rod upon another. Often the physicist 
remains uncertain about his arrangement until he can 
test it in critical experiments. Furthermore the fuel 
loading required, particularly to compensate for negative 
temperature coefficient in going up to design temperature, 
is often uncertain—thus one can’t know the amount of 
reactivity to be controlled. Here is where experience 
with a particular reactor type is of immeasurable value. 
Where this experience does not exist the adequacy of a 
design can be questionable until very late in the design 
effort. 

The mechanical engineer is responsible for structure of 
the rods, and clearances for them within the reactor core, 
penetrations to the pressure vessel required for control 
rods, the control-rod drives and their lubrication. 

The thermal engineer must ensure that the rods and 
their drives will be adequately cooled and that changes in 
rod position do not lead to flux peaking and consequent 
hot spots. 

Physicist, mechanical engineer and thermal engineer 
must compromise where the design intentions of any two 
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conflict. In fact, all three must compr 


matters as spaces in the core, number of rods 


among rods, sizes and shapes of rods, 
terns, drive mechanisms and the spaces for 
The physicist tries to flatten the flus 


adjusting the number and arrangement 


From his viewpoint the ideal situation would 
many rods distributed in some pattern thr 


In addition he wants a r 


fF 


core volume. 


provides a large surface area so that its eff 


evenly over the region of core it controls. 
engineer frowns at having many rods a1 


because he sees them cutting into coolant fl 


he is inclined not to complain because hy 
anyone appreciates the need for flux and 
ture flattening. 


The mechanical engineer is not so agreeable 
and space savings he wants to reduce the nur 


If the rods are to go through the vessel head 
he will complain about the limited spa 
mounting the drive mechanisms. 
the vessel head itself the mechanical engir 
few, small-rod penetrations in a pattern t 
from the core edges; as refueling and mair 
he looks with disfavor on the physicist’s la 
make it difficult to design ways to get ther 
the pressure vessel. 
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Allis-Chalmers’ Controlled 
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mounting, 
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tecirculation 


a little-explored possibility, mig 


advantages. 


Reactivities 
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ture coefficients. 
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designed, the physicist still has the task of « 
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Rod Structural Design 
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REFERENCE DESIGN TASK 


Transient Studies 


the first transient condition that most reactor designers 
look at. Changes in the design must be made if the 
analysis indicates marginal safety for this accident. 

For our purposes this accident provides a good example 


of a transient study 


Loss-of-Flow Transient 


Loss of flow follows loss of power to one or all ol the 


primary-coolant pumps. There can be a complete loss 
of flow (CLOFA), a partial loss of flow (PLOFA) or 
sequential loss of flow (SLOFA). As the flow in the 
reactor coasts down to a stop, the coolant temperature in 
the reactor-coolant channels begins to rise and because 
the negative temperature coefficient, the reactor 
power begins to decrease. This power dropoff in the 
core is by no means as rapid as the flow dropoff. Hence 
during the flow coastdown the hot channel will begin to 
boil and cause a local increase in flow resistance that 
reduces the flow even faster in the hot channel than in the 
average chann 
This flow redistribution defines the limiting condition 
in the loss of flow accident against which corrective 
action must be taken to avoid burnout. Corrective 
action usually means a control-rod-scram system that will 
operate quickly enough to prevent the temperatures from 
exceeding design limits If the demands on this scram 
system made overly conservative, the system can 
easily become impossibly complex. If the demands are 
not stringent enough, a core burnout may ensue. Hence 
the analyses involved here are quite important. 
) types of equations enter into thermal! 
nt analyses: theoretically-derived 
ride basic phenomena such as heat 
ontinuity, and empirical correla- 
tions derived from test data such as two-phase pressure- 
drop correlatio1 To solve transient problems one must 
identify I corres equations, s¢ lect the methods of 
solution and specify the limits that apply to the empirical 
correlati 
For the | of-flow transient, the first thing to be done 
equations that describe the flow 
coastdown and the corresponding decrease in reactor 
power, taking into account the effects of control-rod 
insertion. To predict the flow coastdown the thermal 
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engineer equates the power transferred to thy 
the pumps to the power dissipated in the syste1 
rate of change of stored energy in the syste! 

is forced to make a number of assumptions 
losses, pump-impeller losses, pump rotor fri 
multiloop systems, the distribution of flow 
loops ), the expressions he derives for flow 

not particularly accurate. Consequentl) 
making expe rimental checks either in a pI 
the plant itself as soon as it is built. 

All thre e specialists become involved in pl 
rate at which reactor power falls. The phy 
the temperature coefficients and neutron 
he has previously calculated with his multigr: 
and is in the process of verifying by critical exp 
and inserts them into an appropriate vers 
reactor kinetic equations. These equations 
rate of change in power to the core reacti 
change in core reactivity caused by the negati 
ture coefficient, in turn, appears in energy-! 
equations developed by the thermal engineer that 
reactor power and energy content to the core t 
tures and temperature coefficient. 

In addition the physicist needs to develop exp: 
that describe the effect on reactivity 
insertion. These depend on informatior 
instrumentation and control-system peopl 
circuit times needed to trigger rod action 
mechanical engineer on the rod-drive 
physicist incorporates these data into expr 
estimate control-rod worth as a function t 
the control rod. 


Machine Programs 


With these descriptions established for t 
behavior of power and flow, the designers are in 
to solve the resulting series of simultaneous eq 
the temperatures of the hot channel during t! 
flow transient, usually on a digital computer. Some o 
the transient codes in use for water reactors are ATBA‘ 
(an IBM code for reactor thermal transients) and ART 
an improved version of ATBAC; FOO-2 is a code tha 
examines cores in the transition boiling 
modern-day code typically analyzes both non 
hot channels at each time interval during the 
with the core broken up into a number of 
its axis. 

Designers use analog computers for transien 
in which the reactor can be considered a point sour 
heat. This treatment is adequate for anal) 
operational transients and preliminary estin 
accidental transients such as the loss-of-flow 
Analog programs are not satisfactory for ev: 
latter type of transients in detail. For this 
designer relies on the digital-computer codes to provide 
more accurate representation of the core parameters 
during the transient. But even the most up to date 
digital transient codes leave much to be desired. Thi 
have grown as a series of improvements, one upon the 
other, that attempt to make corrections on previous 
assumptions as more data have become available. The 
typical result is a patchwork-quilt program whose 
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various pieces do not quite contorm to the same set of 
assumptions. Work is now underway to write a new 
self-consistent and comprehe nsive transient code that 
takes into account all known data, including some that 


have just recently become availablk 


Scram Time 


From the project point of 
defines the maximum time avail 
out the chain of events involved in scramming 
reactor First in this chain, the instrument man must 
sense the loss of pump power and present a signal to the 
control-systems man, who has to ampiily it and send it as 
1 command to the control-rod-drive-mechanism designe 
The signal triggers a release device and the drive mecha- 
nism then accelerates the rod into the core The total 
scram time is the sum of the times take by the 
separate events 

Because o! the conservative estimates 

ved, the initial calculation that the 

the time needed to scram i 
ivailable The instrument 
inclined to be pessimist! 
process signals; the mechanical engineer wants to depe 
on gravity to accelerate the rod and the physicist 
quote a conservative estimate lor { I trol-rod wortn 
As these estimates are added together one iv find that 
the time available for a scram (the time interval befor: 
the temperatures exceed the limiting criteria 
up before the rods barely start to move TI 
engineer may grumble within earshot 
that if the rods were more effective, the 
to move so far, to which the physicist 
the mechanical engineer is the one who 
the rods small. At this point the proj 
his throat and suggests that evervone 
second round of estimates that hopef 


1 more acceptable ngure 


Future Trends 


Although to date transient studies 

yut near the end of the reference-d 

lemand for higher-performance cores ! 

change in this approach. For instance in a pressurize 

water reactor the ratio set by the ss-of-flow accident 
generally comes out lower th tl 
state conditions. Hence it I ical te 
carry out the parametric studies in terms of the DNB 
ratios set by the loss-of-flow accident. This will not be 
easy to do since the loss-of-flow analysis equlires vaiues 


for the temperature coefficient, pressure-drop chara 


teristics, and flow coastdown characteristics that which 
may all depend on the results of the parametric studies 
Alternatively, designers can continue as before to depend 
on intuitive judgment to guide the steady-state design 
in a direction that will prove acceptable to the transient- 


operation requirements. 
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Biggest 
can opener in 
the world 


It weighs 2% tons, yet each of its 
many intricate parts is machined 
with micrometric accuracy. It 
cuts 2 inches deep through solid 
chrome steel over a circumferen- 
tial distance of 25 feet varying no 
more than ‘42 of an inch from cen- 
terline. After opening and replen- 
ishing contents, an automatic 
welder is swapped for the cutter 
and the can is resealed. 


This is the AMF-designed and 
manufactured Seal Weld Cutting 
and Automatic Welding Machine 
for reactor pressure vessels. In a 
few months at Mol, Belgium, a 
crane will fit the custom-made cut- 
ter’s geared, circular track over 
the reactor vessel. The welding 
head and geared carriage will 
engage the track and automati- 
cally circle and seal the reactor 
head to the body of the vessel. 
When the fuel elements are re- 
placed, the process will be re- 
versed with the cutting head. 


AMF’s vast design and me- 
chanical experience, together 
with AMF Atomics’ unmatched 
reactor experience, gives it the 
special capabilities required for 
unique problems like this. 


AMF across the board 


This machine is one of a battery 
of servicing and loading mech- 
anisms which were once one-of- 
a-kind. Now, AMF makes these 
innovations generally available... 
as is, or modified to suit require- 
ments. 

Give us your tough problems. 
We’ll manufacture the answers. 

AMF Atomics’ design, engi- 
neering and manufacturing skills 
have produced a wide range of re- 
actor components, control rod 
drive assemblies and manipula- 
tors. These skills have also made 
AMF the world’s leader in re- 
search and training reactors. 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N. Y. 


... across the world 





INSTRUMENTATION and MEASUREMENTS 


Remote Phase-Separation Bulb 


for Radioactive Sample Analyses 





By M. H. CAMPBELL, Hanford Atomic Products Operation, General Electric Company, Richland, Washington 


FIG. 1. MAIN PARTS of extraction apparatus are 100-mli, heart-shaped phase-separation 
bulb (7.2 cm high, 5.6-cm diameter at greatest width) with tube outlets A, B and C; control 
syringe D; and trap bottles E and F. Capillary A, for liquid removal, extends to within 
0.2 cm of bottom of bulb. 8B, sample intake, enters bulb 2 cm below top; sample drawn 
in through B strikes and flows down capillary. C, connected to trap E and syringe, enters 
bulb 1 cm below top to avoid getting solution into control line. Capillary stopcocks 
(2-mm straight bore) on A and B are connected to Saran tubing with ball-and-socket 
joints (12/2). Trap F is 50-ml centrifuge cone set in wide-mouth bottle; tube from bottom 
of cone leads to aspirator for discarding aqueous waste; free entry of air to cone must 
be provided to avoid losing sample in bulb. Entire system, except syringe, is set up 
inside shielding barricade. Rods extending outside the shield are provided to operate 
stopcocks and to switch tubes for drawing sample into bulb, discarding waste or dis- 
pensing sample from bulb 


Sawed-off 
/ plunger 


FIG. 2. MODIFIED SYRINGE for controlling liquid flow in bulb; !4-in. hole is drilled in 
syringe plunger and solid end is sawed off plunger, which provides control of liquid flow 
in extractor by finger action of the operator. To operate syringe, suction is applied by 
pushing plunger in with hole open and, with finger over hole, pulling plunger out; pressure 
is applied to system by pulling plunger out with hole open and pushing in with hole 
covered 


A phase-separation bulb remotely 
operated with a modified hypodermic 
syringe has been designed for organic 
extraction of highly radioactive aqueous 
The 


mizes contamination spread and can be 


samples. closed system mini- 


operated from outside a_ radiation 
shield. Another that, 
with this inexpensive apparatus, one 


advantage is 


person can handle as many as six “‘hot”’ 
samples in a day. 

Using chelating agents for the extrac- 
tion,* this apparatus has provided a 
decontamination factor of 200 or more 
in a single extraction of a sample from 
a gross-fission-product waste stream. 
Samples with surface exposures up to 
5 r/hr have been handled with operator 
exposures not exceeding 15 mr/hr. 
Figure 1 shows the apparatus assem- 
bled outside the shield. 

The key to control of the separation 
bulb is the syringe. As shown in Fig. 
2, a hole was drilled in the exterior end 
of the hollow syringe plunger, and the 
solid segment was sawed off the interior 
end. This provides a valve for trans- 
mitting suction or pressure to the bulb. 
To apply suction, the hole is covered 
with a finger and the plunger is pulled 
out. 
pulled out with the hole open; then, 
with the hole covered, the 
pushed back in. 

A phase separation with the appara- 
tus takes about 10 min. 
tion is performed in four steps, which 


To apply pressure, the plunger is 


plunger is 


The separa- 


are illustrated in Fig. 3. 

Many other uses for this equipment 
are possible : The aqueous phase could 
be saved for further analysis; the appa- 
ratus could be calibrated for dispensing 
large-volume, highly radioactive sam- 
ples; or it could be used to deliver hot 
samples with the necessary matrix ad- 
justments to an ion-exchange column. 


* G. H. Morrison, H. Freiser, Anal. Chem. 
30, 632 (1958). 
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FIG. 3. PHASE SEPARATION IS DONE IN FOUR STEPS: 

1. Draw sample into bulb through tube B. Line is rinsed with additional organic 
diluent. 

2. Separate phases and send aqueous phase to waste receiver. Progress of phase 
interface is observed through capillary; liquid movement can be stopped at any time by 
uncovering hole in plunger. After aqueous phase is discarded, organic is returned to 
bulb by syringe suction. 

3. Wash organic with salting agent drawn into bulb through B as in step 1. Draw 
air bubbles into bulb for stirring action as shown in step 3. Discard rinse as in step 2. 
(Avoid bubbling liquid through control line C.) 

4, Dispense organic phase into sample vial. 





WHICH METAL makes up that reac- 
tor component Inconel, stainless steel, 
A 
simple tester devised at KAPL gives 
Milliammeter 
measures current generated in localized 


file 


Zirealoy, Zircaloy-2 or hafnium? 
the answer in a flash. 
carbon-steel 


hot spot when a is 


briskly rubbed across metal in question. 


This thermoelectric test short-cuts 


eddy current, chemical spot test or 


chemical analysis for identifying mate- | 


rials. A small magnet in file handle de- 


tects carbon-steel parts. The device 


also tests thermocouples. 


Vol 


thermocouple 
problems 


limited space 
temperature 
pressure 


XAC]PAK 
THERMOCOUPLES 


(.020° to .500" O.D.) 





Problems of space limitation, high 
temperature, or pressure are solved 
with XACTPAK thermocouple wire. 
For maximum sensitivity, accuracy 
and quick response, XACTPAK will 
furnish the best service for your 
dollar. 

Featuring hard-pack insulation 
with heavy wall construction, 
XACTPAK is fully flexible and can be 
bent to suit requirements. In addi- 
tion to a choice of junction tips, 
fittings and connectors, XACTPAK 
thermocouple wire is available in a 
wide range of sheath materials, 
bright annealed. Standard and 
special thermocouples are made to 
suit any need. 

All wires used in XACTPAK ther- 
mocouple wire are selected and 
matched to conform to “Special” 
limits of error as set forth by I.S.A, 
Recommended Practice, R.P. 1.3. 
This wire meets the strictest over- 
all specifications. 


—_-> 


Ask for 
BULLETIN 1-500 


for complete details, 
ordering data, and 
prices on XACTPAK 
thermocouple wires 
and accessories. 
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SPERT-2 Features Versatility 


Removable fuel plates, variable 
coolant flow rate and direction, pro- 
visions for use of D,O or H.O, and 
removable internal absorber shells so 
vary reflector thickness and 
materials give the new $4-million 
SPERT-2 great flexibility. Such ver- 
satility is needed to learn precisely how 
power instability and_ self-limitation 
are affected by design and operating 
Thus SPERT-2, which 


as to 


variations. 


achieved criticality March 11, takes 
its place alongside SPERT-1 and 
SPERT-3 in reactor safety tests at the 
National Reactor Testing Station in 
Idaho. SPERT-1, 
U-Al-plate fuel assemblies in a simple 
open tank, has been put through more 
than 1,000 excursions since July, 1955. 
The SPERT-3 
has been producing transients since 
December, 1958, with H.O at various 


which consists of 


UO.-ss-cermet-fueled 





rag 
Army Skid 


PM-2A 10-Mwth pressurized-water reactor (left), shown under test in Alco Products 
Dunkirk shops, is being shipped to the Army’s Camp Century (140 miles east of 
Thule). When it and the other 9 skid-mounted modules holding the rest of the 
system are installed and tested in tunnels under the ice cap, the plant will provide 
1.56 Mwe plus 1 MBtu/hr in 150-psig steam; condenser heat is dissipated to air via 
ethylene glycol. Seventeen men will operate the reactor for 12 months before un- 
loading the UO,-ss-cermet fuel elements that initially contain 19.5 kg U2*®. Essen- 
tially a lighter (300 vs. 2,500 tons) version of the SM-1 at Fort Belvoir, PM-2A’s 
10 skids plus connecting piping and wiring break down into 27 air-transportable 
packages that can be assembled and tested quickly (3 vs. 18 months) at a remote site; 
reactor pressure is 1,750 psia (vs. 1,200 for SM-1); by eliminating 8 fuel elements 
from the core corners, the reactor-vessel diameter is less than SM-1’s 444 ft by 
1014 in. 

COST STUDIES SHOW that by the time the $3.2-million PM-2A is installed in 
its tunnel and a $126,000 13.7-ft-dia containment shel! encloses the primary system, 
SM-2A capital cost will be $4.1-million (vs. $660,000 for a diese! plant). But with 
a yearly operating cost of $800,000 (vs. $1.1-million for diesel), PM-2A will be cheaper 
than diesel over 12-yr period—and be free of problems of supplying 15,500 drums 
of oil per year (NU, April ’60, p. 27). A similar reactor in the Antarctic, where oil 
drums must be flown to diesel stations, would be cheaper than diese! after about 314 
to 5 years. 
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IN SPERT-2 pressure vessel, HxO or D.O 
serving as moderator-coolant-reflector is 
heated electrically up to 400° F and 375 
psig, then pumped at rates between 200 
and 20,000 gpm upward or downward 
through the core at up to 25 ft/sec. After 
the desired initial conditions cre reached, 
the control blade is ejected rapidly from 
tne core center—resulting in a step power 
excursion. There is no provision for con- 
tinuous heat removal. Control room is 
4g mile away 

initial and 
flow rates. 


temperatures 


SPERT-4 is being designed 


pressures 


now. 

The SPERT-2 core grid has 96 
positions into which control rods and 
fuel elements fit. Each of the initial 
fuel elements has 4 plates brazed into 
side plates that are grooved for 20 
removable fuel plates. The 20-mil 
U-Al meat contains 7 gm U2** 
20-mil 6061 


height is 24 in.: in a 


and is 


with alloy; fueled 
full 24-plate 


assembly each water channel is ~~} ¢ in. 


clad 


The vessel is a stainless-clad carbon- 
steel tank with a 10-ft id 16-ft 
Coolant pipes pierce the bot- 


and 
height 
tom head; control-rod drives are 
mounted on a 42-in.-dia plug atop the 


hemispherical top head. 
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PLANO-CONCAVE FACEPLATE 


supports spherically shaped 


ca 


datole(-mco)ae)e)dlenlelag 


fe)ate) col-i(-1endcelamee)il-rediels 


Be 


DOMED SHIELD 


matches curvature of cathode 


for spherically symmetrica 
y SY 


>lectrostatic field 


= 3 
assures increased resistance 


ice) 


4. 


INCONEL SPRING SUPPORT 


Jalele@-lslem ai ele-lelele: 


LINEAR DYNODE STRUCTURE 


S specially designed for 


fast time response 


5. 


re 


6. 


STURDY LEAD WIRES 


ilt in rugged constructior 


INTERCHANGEABLE DESIGN 
n be substituted directly 
Many existing 


nia al ; 
pier ype 


NEW PHOTOMULTIPLIERS 
FROM GBS LABORATORIES 


CBS Laporatories new line of photomultipliers are spe- 
counting or scanning applications. 
hode geometry and improved linear 

re combined to provide excellent 
yonse across the face of the tube and 
transit time spread. 


iltipliers made by CBS Lapora- 


istrated above in 2”, 3” and 5” 


CBS LABORATORIES 


Vol. 18, No. 6 - June, 1960 


diameter cathodes with visible (S-11) or infra-red (S-1) 
response and 10 stages of multiplication; or with quartz 
windows in 2” and 3” 
sponse (S-13, Rb, Te or Cs, Te cathodes). Special modi- 


diameters with ultra-violet re- 


fications or entirely new structures can be developed 
to order. 

For technical bulletins describing specific tube types, 
write to CBS Laporatortigs, Electron Tube Department. 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 
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FIG. 1. VIOLENT DESTRUCTION of the 
uncooled element results when a power 
surge produces cladding-surface tempera- 
ture of 1,030° C; the lower specimen shows 
the non-violent clad penetration that 
occurs at 1,000°C. The stainless-steel-clad 
fuel specimens were mounted inside graph- 
ite-lined stainless-steel capsules shown 


First TREAT Results—Meltdown Tests of EBR-2 Fuel 


By EDMUND S. SOWA, Argonne National Laboratory, Lemont, Illinois 


Initial results on melting of Experi- 
mental Breeder Reactor No. 2 uncooled 
fuel pins in the TREAT reactor facility 
are adding to our understanding of the 
meltdown process. Little damage oc- 
curs when cladding temperature is 
pulsed to about 970° C (1,780° F), but 
a surge to about 1,000° C causes drastic 
damage—the cladding fails and molten 
uranium is ejected. Such mechanisms 
can propagate damage to other fuel ele- 
ments in the event of a full-scale reactor 
excursion. Studies such as the present, 
which lead to understanding of the 
failure mechanism, will permit more 
sophisticated designs to eliminate such 
reactor hazards. 


Meltdown Experiments 


To determine the probable behavior 
of the EBR-2 fuel elements when sub- 
jected to power surges, we exposed 
EBR-2 fuel pins singly to transients in 
the TREAT facility. We suspended a 
test capsule vertically at the center of 
the TREAT core, took the reactor up 
to criticality and established a very low 
power level, then initiated the excur- 
sion by rapidly withdrawing the con- 


trol rods. 
ranged from 0.2 to 0.5 sec, and is defined 


[ P dt 
Jo 


P 


Duration of a power surge 


as 


ty = 


pear 


where Py-ax is the peak power reached 


during the burst. The cooling curve 
for the element permits the tempera- 
ture to drop to about 60% of maximum 
Figure 2 shows 
During 


in the order of 20 sec. 
a typical set of conditions. 
normal operation of EBR-2 the clad- 
metal interface will operate in the 
vicinity of 540° C; as can be observed 
in the table, these experiments exceed 
this 
factor. 


temperature by a considerable 


Results of Experiments 


After TREAT-reactor power surges 
that raise the cladding-surface tem- 
perature to about 970° C, very little 
damage occurs to EBR-2 fuel elements 
—the only tangible result is the forma- 
tion of large unbonded areas that are 
probably caused by local boiling and 


ejection of sodium. From about 970 





Reactor type: thermal, air-cooled. 
Core size: 5 X 5 X 4 ft high. 


dashpot and a motor-driven 





TREAT Description 


For full description see Ref. 2. 


Fuel type: Extruded U;Os and graphite clad with Zircaloy. 

Upper and lower reflector: Aluminum-clad graphite. 

Steady-state power (nominal): 100 kw. 

Transient energy release for nominal core: 1,000 Mw/sec. 

Minimum reactor period (self-limiting) : 35 msec. 

Peak thermal flux (for min. period): ~3 * 101* n/cm?/sec. 

Control rods: Tubular nickel-plated carbon stee! containing B,C, 24 rods in core. 
Control-rod drives: Pneumatic accelerating drive with an integral air-hydraulic 
lead-screw mechanism. The rods can be 
cocked against pneumatic pressure for rapid removal or insertion. 
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2 oO 
Bg fe 3 
Relative Power 


Specimen Temperature (°C) 


04 06 O8 |0 12 
Time (sec 


FIG. 2. TYPICAL POWER-TEMPERATURE 
curves for surges of TREAT reactor. Dura- 
tion of pulse is defined as time required to 
keep reactor at peak power level to equal 
total integrated energy release during 
transient. Selection of type of burst de- 
sired is based on computations 


0 02 


to 1,015° C, failure generally proceeds 
by penetration of the stainless-steel 
cladding in a local area close to the base 
and by ejection of the uranium through 
this penetration. In 
1,000° C the uranium did not penetrate 
the cladding but swelled and attacked 
the stainless-steel surface contiguous 
to the surface of the uranium. After 
we stripped the clad the entire uranium 
surface was found to be covered with a 


one case at 


silvery coating of uranium-stainless- 
steel alloy. 

Above 1,015° C the failure is con- 
siderably more drastic; penetration of 
the wall occurs in broad areas at ran- 
dom along the element and occasionally 
the uranium is 
violently enough to be de- 


at several locations 
ejected 
posited in bands on the inner wall of 
the graphite crucible used to mount the 
specimen. 

These conclusions and the results in 
the table were derived from visual and 
radiochemical examinations conducted 
at Argonne on specimens subjected to 
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nower surges in the TREAT reactor at | 


the National Reactor Testing Station | 
in Idaho. Figure 1 shows typical . 
pecimens after the graphite-lined On § 


pees Chosen for Critical Piping 


\t Argonm 
The s ficance of these results lies 
ON ARMY CLOSED CYCLE GAS TURBINE 
coolant surrounding TEST FACILITIES AT FORT BELVOIR, VA. 


vaporiz d rapidly. | 


molten ura- 
ratures trom un- 


Such a condition | 


| 
| 
J 
| 
| 
| 
| 


jection of the molten | 


celerate their 
ing widespread | 
Fuel specimens. The EBR-2 fuel 
d consist of uranium 
ng 5% fissium* alloy 
r shell of stainless 
the 0.006-in. 
and cladding. 
0.650 in. above the 
Fig. 3, a stain- 
! it! ylindrical foot 
g 0.400 in. above the fuel pin 
4 0.049-in. 
ind helically 
cladding tube 
from the top of ‘ i yaa : 
t 1 atm te b 4 ; 4 v4 . res 
Thermocouples | Ei « en ae are 
Marman CONOSEAL Joints on a closed cycle gas turbine installation now under 


w 01 Z construction by the U.S. Army Engineer Reactors Group at Fort Belvoir, Virginia. 
tely ‘ Ai 


1.2—2.6 Ru, 
Pd (by weigh) | The All-Metal Marman CONOSEAL Joint is designed to provide absolute depend- 
ability in connecting and sealing piping and tubing. It can be used on gas, liquid, 
vacuum and liquid metal systems under these pressure and temperature 
extremes: 
Single-Element Meltdown Tests — 450°F. to +2000°F. 
: full vacuum to 20,000 psig. 





Through the mechanical advantage of its unique metal gasket, the CONOSEAL 
Joint also withstands linear deflections up to 1/16” without leakage. 


This gasket is designed to yield within the 

assembly of two mating flanges. Compressed 

radially and axially, the gasket is completely 

n bond confined and acts, literally, as a fluid seal. 

bond Although 100% metal-to-metal contact is made, 

il void in bond this gasket action does not brinell the flange 

ration of clad | faces. Thus, the joint can be disassembled and 
nium | reassembled without flange replacement. 


void in bond 
Lightweight and compact, the CONOSEAL is 
available in various configurations to meet a CONOSEAL Joints have been designed in 
i H H ; pipe sizes from 4%” to 36” and fabricated 
wide range of applications. Write today for your oe ei cae ts ae Gee 


tration of clad | Copy of the new CONOSEAL catalog. grade), 400 ond 300 ,jeries faiaions 
. Steel, nickel steels, mild and low alloy 
melted through | CONOSEAL is an Aeroquip Trademark steels and aluminum. 


| void in bond 
USSU) ol n bond 


OO0 itectic coating on fuel; 


n; no ev idence of 


penetration 


1,019 Vigorous 
| Violent disintegration 
| \ t disintegration \ero Ul 
| Violent disintegration 2 rence 
l Viol 

\ 

\ 


it disintegration MARMAN DIVISION 


1,250 iolent disintegration 
1.200-1.300 11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 
ie : IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 


Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 


iolent disintegration 
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PHENOLINE COATINGS 


used at Dresden Nuclear Power 
Station to protect critical areas 


The Phenoline AE 600 protective coating system is in service 
in demineralized water areas at Dresden Nuclear Power 
Station. These include interiors of reactor pool, fuel storage and 
fuel decay pits, waste retention pits and water storage tanks. 
Phenoline has proved itself in many other nuclear installations. 

This modified phenolic system is tough and durable—4 coats, 
34 mils thick. Outstanding characteristics are: 

1. Tight resistant barrier to demineralized water penetration. 
Years of continuous immersion have shown no evidence of 
blistering, flaking, cracking or softening. 

. High resistance to gamma radiation. No breakdown under 
accumulations of 1.5 to 5 x 10° roentgens, depending on 
service conditions. 

3. Excellent bonding strength to concrete or steel. 

4. Smooth, glossy white surface...easy to decontaminate 
with detergent cleaning. 

5. 100% solids, heavy film thickness at moderate cost. 

Write today to Carboline’s Nuclear Projects Department for 
technical data and specifications on this specialized protective 
coating system. Also, Carboline’s technical assistance is readily 
available to help you solve coating problems for any nuclear 
applications. 


Sales engineers in principal cities. 
Consult your telephone directory. 
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FIG. 3. EBR-2 FUEL SPECIMEN mounted in 
capsule for exposure in TREAT. Fuel pin 
is 0.144 in. in diameter and 14.22 in. long 











| and is clad by a 0.009-in.-thick stainless- 


steel tube of 0.156-in. i.d.; sodium serves to 


| bond fuel and cladding 


welded to the cladding surface deter- 


| . 
| mine the temperature reached during 


a transient; their leads go from the 


] ° . . . 
| capsule interior via a long stainless- 


steel suspension tube to a pressure con- 
nector at the reactor top. 

The enrichment of the specimens 
ranged from normal to 6% U***, which 
is much lower than the 49% enrich- 
ment to be used in EBR-2 (1). The 
lower enrichment is used because 
TREAT is a thermal reactor and it is 
necessary to minimize flux depression 
in the fuel. 

Future tests. This brief survey with 
20 uncooled single fuel specimens is the 
first in a series of meltdown experi- 
ments. It will be followed by the 
meltdown of EBR-2 elements in 
stagnant and flowing sodium. We also 
plan to study the meltdown behavior 
of irradiated elements and clusters of 
elements. Ultimately we plan to ob- 
serve the meltdown of an entire 
EBR-2 fuel subassembly. 
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Mythological Procrustes stretched his victims to fit his 
bed when they were too short and cut off the surplus 
when they were too tall. 

You can avoid this necessity by checking with Griscom- 
Russell the next time you are looking for heat exchange 
equipment. 

Griscom-Russell has for over 90 years offered an 
extremely wide line of bare and finned tube heat transfer 
equipment for all industries — we can give you exactly 
what you need. 

And you can be assured that G-R equipment is the 
best. G-R’s reputation as one of the most engineering 
and research-minded companies in the field means you 
get designs that are the best available—or that special 
equipment will fit your needs exactly and at the lowest 





A 
Procrustean 
Bed 
for 
Heat 
Exchangers... 





cost. Griscom-Russell’s large plant, modern equipment 
and experienced working force mean that your equip- 
ment will be properly constructed. 

You can stretch your dollars and shorten your prob- 
lems by talking to your G-R representative. Let him tell 
you all about us now — or the next time you need heat 
exchange equipment. 


Specialists in the engineering 
and construction of heat exchange equipment 


air, gas and liquid heat exchangers, coolers and heaters 
—finned and bare tube, evaporators, steam generators, 
condensers, tank heaters, air-cooled fin-fan exchangers, 
sea water distilling plants, helically and longitudinally 
finned tubing, and many other products. 


THE GRISCOM-RUSSELL CO. 





MASSILLON, OHIO 


A SUBSIDIARY OF HAMILTON-THOMAS CORP. 
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Lindsay Research 
Has Developed an 
Entirely New 


THORIUM 
OXIDE 


(Code 116) 


Lindsay Thorium Oxide Code 116 
is now available in developmental 
and semi-commercial quantities. 

This completely new thorium ox- 
ide was developed in the Lindsay 
Research Laboratories to provide a 
material having improved han- 
dling characteristics. 


Photomicrograph (20X) shows typical 
particle size and granular form. 


@ Thorium Oxide Code 116 is free- 
flowing and granular in contrast 
to the powdery consistency of con- 
ventional materials. 

@ Its particle size distribution is 
largely in the screen size range. 

@ It consists of translucent to 
transparent particles. 

@ It has a higher bulk density. 


® Purities correspond to those of 
conventional materials. 

@ It is definitely less dusty in 
handling. 

Among the applications for 
Thorium Oxide Code 116 are those 
requiring high density material 
such as used in electronic tube 
cathodes, in swaged nuclear fuel 
elements, and in thoria ceramic 
manufacture. You may think of 
others. 

If you are interested in this new 
form of thorium oxide, you'll ob- 
viously want to know more about 
it. A new data sheet “Thorium Ox- 
ide Code 116” will be sent to you 
promptly. Please ask for it on your 
letterhead. 


Linpsay CGiemicat Piviston 


American Potash & 
Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 
. 


3000 West Sixth St., Los Angeles 54, Calif. 
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Ammonium Bifluoride— 
A Superior Etchant for Zircaloy 


By ROBERT B. FLANDERS, R. A. 
VU & C Nuclear, Inc., Attleboro, 


Ammonium bifluoride is superior to 
the more hazardous liquid hydrofluoric 
acid generally used as a source of HF 
in etching baths for zircaloy compo- 
nents. (Such etching baths are used, 
for example, on zircaloy-clad fuels to 
prepare the surface prior to corrosion 

The costs of the two etch- 
comparable,f and the am- 
|monium bifluoride bath lasts longer. 
| In addition ammonium bifluoride etch- 


testing. 


ants are 


ant gives a surface finish as good as, 
better than, the 
bath. Because the 

of handling the 
HF the new etchant 
inexperi- 


and in some 
| nitric-hydrofluori 
and safety 


powde red NH,F 
formulated 


Cases 
}ease 
is easily an 
enced man can make it up in much less 
time than a skilled acid-room operator 
can make up the bath. 
Coupons etched the new way show 
white 
observed. 


standard 


good corrosion resistance—no 


oxidation products were 
All these reasons suggest the adoption 
of the new etchant for production use. 

The formula for the new etch is given 


3 an easily controllable, 


above. se CAUSE 
slow etching rate is desirable we formu- 
lated the new etchant to give an etching 
rate of 0.00032 in. 
our present standard 
etch. (Dur- 


of 48-52% 


min.—the same as 
is provided by 
| hydrofluoric-nitric 


etch is 3.5% 


acid 


standard 


* Present Appress: Nuclear Metals, 
Inc., Concord, Mass. 
+The hydrofluoric-nitric ‘etchant 
tains 5.6¢ worth of HF per gallon, while the 
tchant contains 6.3¢ worth of ammo- 
! nium bifluoride per gallon. These prices 
are calculated for 100-lb lots and do not take 
| into account the cost of the nitric acid which 
The HF price is based 
HF. 


con- 


| test € 


lis in both etchants. 
lon 22¢/lb for 70% 


BREED and B. WESSLING* 
Massachusetts 


vol % nitri 
Antarox 


hydrofluoric acid; 39 
acid, s.g. 1.420; 1 
G-100; balance water. 


vol 


Supporting Experiments 


To the effect 
rates of the new and standard etchants 


compare of etching 
we constructed a special apparatus to 
measure weight change of samples 
Such the the 
paratus that 60-70 chart lines corre- 


was sensitivity ol ap- 
weight 


directly 


sponded to 100 mg of sampk 
change. Data 
in the form of curves of the 
The slopes of these 
Table 1. They 


of the new 


was recorded 
material 
etched vs. time. 
curves 
show that the etching rate 
bath holds up better than that at the 
old as the bath 
dissolved zircaloy : 
The 


zircaloy 


are given in 


becomes laden with 


the etched 
bifluoride 


surface finish of 


alter ammonium 
etching was as good as that with the 
nitric-hydrofluoric bath. Fur- 


thermore, the nitric-hydrofluoric bath 


acid 


ceased to give a mirror finish at a dis- 
gm | 
mirror 


solved zircaloy content ol! 10 


whereas the new bath gave a 
finish up to a dissolved zircaloy content 
of 12 gm/I. 

To learn about staining effects in the 
new etchant, and to gather information 
on the corrosion of 
etched in the test etchant, a factorial 


experiment was conducted in one of 


resistance pieces 


our production rooms under production 
conditions. 

Two etchants were 
the 


The stand- 


bi- 


used 


ard etchant and ammonium 
fluoride etchant. 
The etching 


tank contained 15 1 of reagent. 


rinse 
Fifty- 


tank and each 





| TABLE 1 


Effect of Zircaloy Content 


Zircaloy content 


| 
| 


Fresh bath 


5 gm /l 


10 gm /l 


Etching rate 
NH,F-HF HF 


141 
73.6 mg/min 


148.7 mg/min 5 mg/min 


95.5 mg/min 


62.2 mg/min 34.3 mg/min 
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| Ammonium Bifluoride Etchant 
| 32 gm/| ammonium biflvoride 

39 vol % nitric acid (s.g. 1.420) 
1 vol % Antarox G-100* 

B 


alance water 
* Antara Chemicals Div General Analine and 
Film Co 





| 
| 
| 








SIX sample corrosion coupons were ar- 
ranged in groups of four. Each group 
was subjected to one of the following 
sets of conditions 

For each etchant the three levels of 


the zircaloy content of the bath were, | 


0 gm/l, 7 gm/l and 14 gm/l. The 


three levels of elapsed time between 


' 
the etchant and the 25 vol w// nitric 
acid rinse, were 5 sec, 30 sec and 60 sec. 
All etching was for 4 min at a tempera- 
ture of 110° + 5° F (note that previous 
rate studies were conducted at room 
temperature Each treatment was 
replicated four times. 

Staining. Surface staining occurs 
if the etchant drains off too slowly after 
removal from the standard etching 
bath. The usual practice is to transfer 
from the etchant to a 25 vol % nitric 
icid rinse as rapidly as_ possible 


preferably in 2-10 sec). Our factorial 


tests showed that for both the am-| 


monium bifluoride and the nitric-hy- 
drofluoric etchants, 5 sec is the maxi- 
mum time that the coupons should be 
allowed to drain. Preferably, the 
drain time should be much less. Slight 
straining occurs for a 5-sec drain time, 
and more pronounced staining for 
30—60-sec drain time. 

Corrosion resistance. Wealsostud- 
ied the mean weight gain of the coupons 
after autoclaving at 750° C and 1,500 
psig for 72 hr. This weight gain is a 
measure of the thickness of oxide 
coating formed on the freshly etched | 
zircaloy. Arranging our factorial ex- | 
periment in order of drain time and | 
zircaloy content the mean weight (in 
mg/dm?*) gained was, for the new am- 
monium bifluoride bath: 21.80, 21.80, | 
22.45, 21, 59, 22.02, 22.15, 20.66. For 
the hydrofluoric-nitric acid bath the 
corresponding figures are: 20.10, 20.31, 
19.79, 17.53, 20.66, 20.09, 22.54. It is 
clear that post-etching oxidation is 
substantially unaffected by the con- 
ditions of either bath. 

Bath exhaustion. Our experiment 
also permitted comparison of the 
thickness etched per 4 min for both 
etchants. The results confirmed the 
results of Table 1. 
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escaped helium costs you money 


You can save $20,000 a year with an 
LM Recovery-Purification System if you 
are using 100 cylinders of helium per 
month. 


Typical applications include... 
Inert gas welding 
Heat treating or melting sensitive materials 
Growing semiconductor single crystals 
Manipulating and fabricating exotic materials 
in glove boxes 
Helium leak testing 

© Use of ultra-high-purity 
helium for nuclear reactor 
power cycle fluid 











Any use of an inert gas 
(A, He, N2) requiring less 
than 1 ppm total active 
gas impurity 


Call or write an LM engineer 
TODAY and discuss your 


LIQUID METALS 


INCORPORATED 
BOX 2666 * WESTFORD, MASS. « MYrtle 2-8032 











UM Purificotion Unit 


If your problem is... 


® Heat Transfer at High Temperatures, or 
®@ Circulation of a Liquid Metal... 


let an LM engineer help you solve it. LIQUID METALS, Inc. offers complete, packaged 
Heat Transfer Systems and Test Loops. Individual components are also available 
separately. 


Design excellence is characteristic of all LM products. Typical is LM's line of zero- 
leakage, high-efficiency ELECTRODYNAMIC PUMPS — featuring . . . 


@ standard pump cells for @ capacities to 20,000 gpm. 
continuous operation to 1650°F. @ simple manual or automatic control 

@ special pump cells for higher temps. of pressure and flow-rate 

@ pressures to 500 psi. @ reversible pumping direction 


Phone an LM Applications Engineer, at 


LIQUID METALS, INC. sox 2666, Westford, Mass., MYrtle 2-8032 








APPLIED RADIATION 
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1. COBALT ARRIVES AT BUDD from Oak Ridge in lead-filled 
container that holds 10,000 curies in different-sized wafers. 
Budd handles more than half of Co®™ produced in U. S. 


How Budd Packages 
Radiation Sources 


Pictures show how the Instrument Division of the Budd 
Co., Philadelphia, encapsulates radioactive sources for irradi- 
ation, radiography and teletherapy. Budd has been in the 
business since shortly before the Atomic Energy Commission 
withdrew, following government policy to encourage free 
enterprise where free enterprise can do the job. 

In 1959 Budd purchased 89,000 curies of Co®, which is 
more than half of what the AEC sold, and encapsulated a 
total of 68,411 curies. For radiographic sources a few curies 
came from Atomic Energy of Canada Limited. Budd also 
makes sources of Cs!87, Tm!" and Ir!®*. The following table 
shows numbers of sources and total activities encapsulated 
by the company in 1959: 


Number of 


Nuclide sources 


(curies) 





$1,800 
3,111 

23,500 

68,411) 
6,145 


205 


Co (therapy) 33 

Co* (radiography) 59 

Co® (irradiation) 2 
(Total 

Ir! 264 

Tm!" : 3 


5. TELEVISION CAMERA BESIDE WORK 
permits operator to view job as closely as 
he chooses. Cell is ready for soldering 


Total activity . 


6. MONITOR BESIDE OPERATOR provides 
view from left as window offers view from 
front when operations become complicated 


2. TECHNICIAN OPENS CASK in hot cell capable of handling 
50,000 curies at once. With manipulators he sorts wafers by 
specific activity into trays beyond 36-in. shielding window 


3. AFTER SO STORAGE TUBES to 
await sealing in source tubes. Radiation patterns from sources are 
adjusted by juggling specific activities and spacings 


4, MAKING A TELETHERAPY SOURCE. Wafers go into aluminum 
housing, then into stainless-steel capsule (left) with screw-in cap. 
Heliarc welding has replaced silver soldering for cap seal 


7. FINAL SCRUBBING DECONTAMINATES 
pencils before shipping. Water, alcohol, 
brushes remove stray radioactive material 


*% 





from HIGH VOLTAGE ENGINEERING... the 
most complete line of supervoltage and 
high energy radiographic equipment for 
non-destructive testing and.... 


EVALUATION OF REACTOR MATERIALS 
AND COMPONENTS .... 


. Ll to 15 Mev X-Rays for high-speed, precise radiographic 
examination of special nuclear materials including high-density 
alloys, fuel elements, heat exchangers, pressure vessels, valves, 
control mechanisms to meet rigid government inspection standards. 


SUPERVOLTAGE HIGH ENERGY 


\1 
® \ ° 


Aa eC 
eiadtatian Characteristics 


Energy X-Ray Intensity 
{Mev} meter.from 


Performance Characteristics 


Model JR, | Mev Van de Grooff x-ray generator 
inspection of fuel elements. Courtesy Babcock & W 


Write for Technical . . 
preter aio Boer) rs BXciNEeRINe 
6-30 Mev Range.” "CORPORATION 
BURLINGTON, MASSACHUSETTS © U. S.A. 
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Gamma Absorption Can Measure Barite Content 


By CHARLES L. HILL, MURRAY F. HAWKINS, Louisiana State University, Baton Rouge, Louisiana 
and RICHARD L. CALDWELL, Socony Mobil Oil Co., Dallas, Texas 


In oil-well drilling a fluid called, 
imaginatively, ““mud” runs down the 
drill pipe in the center of the well, 
through the bit and up the sides of the 
tube. It lubricates and cools the bit, 
cakes onto (and thus coats) the sides 
of the well, floats cuttings to the surface 
and prevents sudden escapes of gas 
(“blowouts”). Barite, naturally oc- 
curring barium sulfate, is the heavy 
component of mud. It may make up 
more than half of the mud by weight 
and up to 80% of the total mud cost. 
In a particularly expensive well the 
mud cost $484,000; of this the barite 
represented $396,000. 

The purpose of barite addition is to 
increase drilling-fluid density for hydro- 
static control of gas-saturated forma- 
tions. If the density is too great, 
drilling-fluid may be lost to thief forma- 
tions; if density is too small, danger of 
blowouts increases; thus barite content 
is an important well-site measurement. 
Engineers must know how great it is, 
first, to assess the qualities of the mud 
they are using; second, to permit re- 
covery of materials. 


Gamma Gaging 


We have 
probably one with practical value in 


developed a method, 


0 


Intensity Ratio I/I 


0.2 0.6 


Barite Content (ib/gal ) 


FIG. 2. SMALL-DENSITY SAMPLES give straight-line absorption 
with 3.4-cm path, scintillator, pulse-height analyzer (upper curve). 
Lower curves are G-M measurement (5.0-cm path) and narrow- 


beam calculation for 84-kev photons 
130 


the field, for measuring barite content 
by absorption of weak gamma photons 
from Tm!”°, If Am?*! becomes availa- 
ble as a long-lived, low-energy gamma 
source (1), the method will be even 
more practical. 

Experiments indicate that a flow-line 
Tm!” 
hundredths of a 
pound per gallon at barite contents up 
tenths of a 
pound per gallon at barite contents 
12 lb/gal. By 
scintillation detector and single-channel 
G-M 


detector one could have even greater 


instrument using would be 


accurate to a few 
to 1.0 lb/gal and a few 


up to substituting a 


pulse-height analyzer for our 
precision, great enough for a referee 
of barite content 
and the purity of commercial barites. 
test could 
replace present me thods for determin- 


test in the measur¢ 
A gamma-absorption 


ing barite content, usually calculated 
from weight and volume measurements 


of wet and dry materials. 
How It Works 


Engineers already use gamma-ray- 


absorption flow-line measurements to 
check the uniformity 
and drilling fluids 

in densities or rapid ones caused by gas 


of cement slurries 
Gradual changes 


cutting, dilution or uneven distribution 


FIG. 3. 


ore for 3%, 


5%, 10% clay-water ratios in mud. 


od 
oO 


w 


Absorption Coefficient (cm*/gm) 


FIG. 1. ABSORPTION COEFFICIENTS of 
barite, clay, water and oil show useful 
difference at energy of Tm'’® gamma 


of weighting material can be detected 
(2-4). The large absorption at low 
photon energies in barite as compared 
with those in oil, water and clay 
(Fig. 1) suggests the use of the same 
technique to measure the barite content 
of drilling fluids (4 We selected 
Tm!7° (84-kev gamma, 129-day half- 
life) 


clides as the most practical gamma-ray 


from several available radionu- 


Approximate Mud Density 


12 14 


Barite Content (!b/gal ) 


LARGE DENSITIES produce these measured and calcu- 
lated curves for 2.0-cm path. 


Coded points on measured curve 
Practical 


instrument would use measured calibration curve 
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Announcing a major breakthrough in automatic 


counting of solid radioactive samples. 


Now samples containing minute, previously un- 
measurable amounts of carbon-14, phosphorus- 
32, strontium-90, etc., can be counted automati- 
cally with high accuracy. A revolutionary new 
‘‘guarded"’ Gas Flow Detector in the new Nu- 
clear-Chicago Automatic Sample Changer has 
a net background of only 2 counts per minute. 


Rah ek 
et. 


The new system makes possible, for the first - 
time, automatic analysis of beta samples having~ 
counting rates as low as 2-3 counts per minute. 


- Measurement time is greatly reduced in routine 


sample counting, while the amount of radio- 
active reagent required in tracer experiments 
can be cut substantially. 


For full information on the new Low Background 
Automatic Sample Changer, write for Bulletin C-115. 


nuclear-chicago 


CORPORATION 
345 E. Howard Ave, + Des Plaines, /ilinois 





This article starts on page 130 


|APPLIED RADIATION 


source for this purpose. In addition to 


- nm 7 ° ~ 
‘me zamma photon, Tm!7° emits 970- 


and 890-kev beta rays that produce 


ocientific objectivity characterizes the bremsstrahlung. At 84 kev, absorp- 
examination of natural forces in the | tion coefficients of oil, water, clay and 

: |barite are 0.18, 0.18, 0.17 and 2.25 
experimental laboratories at Los Alamos. lem? gm, respectively (6), and their 
| approximate densities are 0.80, 1.00 
2.5 and 4.3 gm/cm?, respectively. 
| Substituting these values in a linear- 
| absorption equation gives 


Io 
| (L, W, C, B are volume fractions of 
| oil, water, clay and barite; z is distance 
|in centimeters.) The large coefficient 
for the B in the exponent shows that 
;one can expect to measure barite 
content with gamma absorption. 

, 


Experimental curves clearly show 


ithe usefulness of the method. We 
| have taken data with our Tm!” source 
a G-M counter and a counting-raté 
jmeter. For samples with barite con- 
|tents up to 1 lb/gal (Fig. 2) we use a 
|5-cm absorption path; for contents of 
| 1-12 lb/gal (Fig. 3) we use 2cm. For 
comparison we have calet ed narrow- 
| beam absorptions of monochromati 
|84-kev photons with no allowance for 
| radiation scattered back into the beam. 

We attribute nonlinearity in th 
isemilog experimental curves to scat- 
tered radiation and bremsstrahlung 
| For true linearity (upper curve, Fig. 2 
| we use a scintillation detector biased to 
| accept only photons of 84 kev and 
| thereby eliminate both larger-energ\ 
bremsstrahlung and smaller-energy 


| ee 
scattered radiation. 


Accuracy 


Fractional absorption ] I/Igfora 

given barite fraction B will be affected 

| to some extent by the relative amounts 

lof oil, water and clay in the rest of th 

system. For fixed oil and barite 

fractions the apparent change in the 

barite fraction due to an interchange 

| in the clay and water fractions can be 

computed approximately by differenti- 

ation of our absorption equation. A 

10% interchange in clay and water 

fractions introduces only a 0.26% error 

in the indicated barite content. In a 

l ' . similar manner it can be shown that a 
obs “i alamos 0.1-gm/cm* uncertainty in the barite 
3 ‘scientific laboratory density introduces an uncertainty of 

: 2. in the volume fraction of barite. 


All measurements shown in Figs. 2 
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irt of a feasibility investiga- 
erimental techniques ex- 
fairly large spread of the 


ular variation 
it is masked 


data f there is any reg 


wit! e ¢ -water ratios 
experimental error 
ild use an ¢ xperi- 


for the chosen 


ation to 
Richard- 


FIG. 1 


impinging particle follows lines of close packing. 
Spreading of energy prevents formation of thermal spikes 


displacements and vacancies 


A 


C 
o* 
4 
4 
“ 


jes | 


son, Louisiana State University, for help in 
this investigation and to William R. Mills 
and J. B. Hickman, Socony Mobil Oil Co., 
Field Research Laboratory, for the thulium- 


absorption measurements. 
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Initiol C) 
collision 


COLLISION FOCUSING REDUCES RADIATION DAMAGE because momentum of 


Resulting collisions cannot produce 


How Focusing Collisions 


Affect Radiation Damage 


By MICHAEL W. THOMPSON 
if Energy Research E 


8 tabli sh 


1 Appar- 
itron Irradi- 
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focused 
cking If 
ntum is un- 
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ment, Harwell, England 


The first indications of lattice influ- 
ence on momentum transtier came from 
an experiment in which mercury ions 
bombarded the surface of a single crys- 
tal (7). 
effect during uniform irradiation with 


I have now proved there is an 


an experiment in which protons passed 
through a gold crystal (2). 

Theoretical considerations of a lat- 
tice made up of hard spheres show that 
the effect can be expected to occur only 
if the interatomic distance is less than 
Thus it 
is unimportant in materials like bery!- 


four times the sphere radius. 


lium, graphite and alkali metals; it may 
be important in transition metals such 


Eildorado 


DECIMAL SCALERS 
FOR THE NUCLEAR PHYSICIST 


Eldorado solid state all-electronic 
scalers count random events at a 
maximum rate of over one million 
counts per second. Resolving time is 
less than 1.0 microsecond. Especially 
well-suited for accelerator counting 
room service, these compact instru- 
ments weigh just 13 pounds and use 
Ys fewer transistors than comparable 
models. They can be used wherever 
the advantages of complete transis- 
torization are important. 

Eldorado offers three standard 
models in the SC-750 series, each 
with built-in regulated power supply. 
Two models provide full electronic 
storage of 10° and 10° counts. The 
third has 3 decades of electronic 
storage and a 4-digit mechanical 
register. Special versions can be fur- 
nished with other counting combina- 
tions and provisions for readout to 
a printer or tape punch. 


KEY SPECIFICATIONS 


SCALER 


Resolution Better than 1.0 micro- 
second 
Greater than 1 mega- 


cycle 


Max. Counting Rate 


AMPLIFIER (optional) 
Minimum Input Signal 
Overload Recovery 


DISCRIMINATOR TYPE 
RANGE 
SIZE 19x 3% x 10% inches 


10 millivolts 
100 X, 7 microseconds 
Integral 


1 to 11 volts 


Eldorado can furnish scalers and count- 
ers to fit your specific application. For 
more details, please address Dept.78 


Bildorado 
lectronics 


2821 Tenth Street 
Berkeley 10, California 





Research Engineers 
and Scientists 


needed for continuing expansion 
in nuclear technology at 


Atomics International 





Heat Transfer and Fluid Mechanics. Both theoretical and 
experimental heat transfer research, fluid mechanics and 
hydraulics research, including hydro-dynamic performance 
of fuel elements, and investigation of convective and boiling 
heat transfer characteristics of reactor coolants. 





Reactor Analysis. Complete nuclear, thermal and structural 
analysis including criticality, flux and power distributions 
and fuel cycle analysis. 

Systems Analysis. Analysis and simulation of complete 
nuclear power plants to develop reliable, unattended, com- 
pletely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability 
analysis. 





Reactor Shielding. Experimental and analytical shielding 
techniques and materials development for both central sta- 
tion and compact power reactors. 


Reactor Operators. Engineers to install, operate, maintain 
and modify compact reactor power plants. Good knowledge 
of test instrumentation required. 


Reactor Power Plant Engineers. To assume full responsibil- 
ity for planning execution and analysis of test reactors and 
power plants leading to fully automatic, remote systems. 


Space Environmental Testing. Component development and 
space environmental testing of nuclear power plant compo- 
nents including high vacuum, vibration, shock, thermal and 
orientation testing. 

Process Development. Development of chemical processes 
for organic cooled and moderated reactors on bench and 
pilot plant scale. 


Radiation Effects. Analysis of radiation effects on organic 
and solid electronic materials, including experimental deter- 
mination of physical and thermal properties of organic fluids 
at elevated temperatures. 

Process Instrumentation Engineers. Thorough knowledge of 
process instrumentation and control systems. Background 
should include experience in chemical! process plant, refin- 
ery, power plant or reactor instrumentation. 


For specific details write: Mr. C. F. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 
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A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Metallurgists 
and 
Engineers 


Reactor Materials. Investi- 
gation and analysis of me- 
chanical and physical prop- 
erties of nuclear fuels and 
materials for high tempera- 
ture reactors. Development 
of ferrous and non-ferrous 
alloys 

Fuel Element Engineering. 
Complete analysis and de- 
sign of fuel elements in- 
cluding nuclear, thermal, 
material, mechanical and 
cost analyses. Theoretical 
determination of creep and 
stress under all operating 
and fuel handling condi- 
tions Env 


non-destructive 


ironmental and 


Fuel Fabrication. 

ment of equipment and proc- 
esses fo fabrication and 
assembl: f fuel elements 


IT] 


Develop melting, alloying, 


forming, welding and join- 
ing processes for new alloys 
and ceramic materials 

Corrosion Research. Corro- 
sion and heat transfer re- 
search on new materials and 


advanced liquid metals a 


¢ 
elevated temperatures 

Hot Cells. Design and devel- 
opment of hot cell equip- 
ment and processes Remote 
handling of radioactive ma- 
terials, especially metallur- 


gical and physical testing 


Irradiation Experimentation. 


Design and conduct irradia- 
tion experiments on reactor 
fuels over wide range of 
radiation and temperature 
conditions, including simu- 
lation of conditions expected 
in full scale power reactors 
Development of equipment 
and techniques for post- 
irradiation testing and eval- 
uation of these experiments. 


For specific details write: 

Mr. C, F. Newton, Personnel 
Office, Atomics International, 
8900 DeSoto Avenue, Canoga 
Park, California. 
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APPLIED RADIATION 


This article starts on page 133 


as Manganese, iron and cobalt; and it 
can be expected to be important in 
“full” metals like copper, silver and 
gold. It may also be important in the 
heavy elements. In particular we can 
expect a strong focusing action in the 
c plane of alpha uranium, 


Older Theory 


Let us consider the predictions of pre- 
vious theories (3, 4) regarding metals 
of medium or large atomic weight (cop- 
per, silver, gold) irradiated with pile 
neutrons. Primary recoiling atoms 
start out with energies of ~10* ey. 
This is dissipated in two ways: ele 
tronic excitation and interatomic col- 
lisions. Because massive ions move 
relatively slowly at these energies, they 
produce only gentle pulses of coulomb 
interaction, and there is little loss 
directly to electrons. We can neglect 
it in comparison with the loss in atomir 
collisions. 

In copper the mean free path between 
collisions, at first some ten times the 
interatomic spacing, would rapidly be- 
come about equal to this spacing as 
energy decreases. In heavie r elements 
the initial mean free path would proba- 
bly be about equal to the interatomic 
spacing. 

Under these conditions the energy of 
a recoiling atom would be spread 
through a rather small region of the 
crystal, some tens of interatomic spac- 
ings in diameter. 

The old theories adopt a statistical 
approach to energy sharing and calcula- 
tion of numbers of interstitial atoms 
and vacancies, neglecting lattice struc- 
ture. When the mean free path of a 
recoiling atom is large compared with 
interatomic spacing, this is not impor- 
tant, but when the recoiling atom col- 
lides with each atom it passes, lattice 
structure can exert an influence. 


Experiments 


When single crystals are bombarded 
with low-energy (~100-ev) mercury 
ions, sputtered atoms leave the surface 
preferentially in the close-packing di- 
rections (1). This was the first indica- 
tion of lattice influence on momentum 
transfer. Is it a bulk or surface effect? 

To find out I irradiated a thin gold 
crystal with a proton beam that 
emerged at 0.3 Mev from the rear sur- 
face into a vacuum (Fig. 2) (2). An 
aluminum-coated silica plate collected 


PATHWAYS OF 
A PIONEER .-.. 


DESIGNERS 
AND 
BUILDERS 


EQUIPMENT 


This picture was taken in 1943 of a Con- 
tinuous 600 gpm lonXchanger during in- 
stallation at a midwestern chemical plent. 
The tanks are shown being loaded with 
ionXchange resins. 


Blazing the Trail for 
De-I Developments 


When the photograph above was made, 
IWT already had well over 50 large in- 
dustrial ion Xchangers in successful opera- 
tion — yet ion-exchange in those days 
was still considered a “‘new and untried” 
process! Many of these pioneering IWT 
installations are in use today, and most 
of the early users of IWT ionXchange 
have added to and modernized their 
equipment as new developments became 
available. 

Even today IWT is still pioneering — 
adding to its great stock of knowledge 
in this specialized field, designing and 
building up-to-date ionXchangers of all 
types and sizes for application to a wide 
variety of processes as well as all kinds 
of water-treatment, experimenting with 
and carefully testing new ionXchange 
uses, and constantly improving existing 
designs. 

THIS EXPERIENCE 
CAN MEAN A LOT TO YOU 


If you need pure water for high-pressure 
boiler make-up or process use, or if you 
are considering the use of ion-exchange 
for purification or concentration of 
chemical products, be sure to take ad- 
vantage of IWT pioneering experience 
and specialized knowledge. Call your 
IWT representative. 


ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST Selel @20) domme ae). lelh 
NEW YORK OFFICE: 141 E. 44th St., New York 1 
CANADIAN DIST.:P & Softene td ndon, Or 





beets RADIATION 


This article starts on page 133 | 


Scintillation 
Detectors 


@ NE810 Alpha Particle Detector 
Consisting of .0005” sheet of 
plastic phosphor NE102 on a 
clear plastic base. This detector 
provides fast decay time, low 
gamma sensitivity and modest 
resolution 
NE812 Hollow Plastic Scintil- 
lator for Beta Ray Spectroscopy 
and for multiple tracer studies 
of Beta emitters 


FIG. 2. EXPERIMENTAL DEMONSTRATION NE813 Gamma Flow Detector 

that collision focusing occurs as a bulk, ; for continuous monitoring of 

not ao surface, effect uses proton bombard- 

ment of gold foil and collection of recoiling 

ions. (Protons have 0.3 Mev energy offer NE219 Liquid Scintillator for 

passing through foil) Beta counting of filter paper 
chrematograms and direct count- 


gamma effluents in aqueous or 


organic solutions 


ing on filter paper 
= Mw i a deposit of gold ejected from the erys- Other products include Plastic 
s | ] 4 r st d slo 
— tal. Since the 1,0,0 plane of the crystal Phosphor NE102 fast and slow 
: neutron detectors and oaded 


PHOTOMULTIPLIERS was perpendicular to the beam, the liquid scintillators 


FOR cross shape of the deposit (Fig. 3) im- 


Scintillation Counters 


plies preferential ejection in the close- 


packing 1,1,0 directions. 
NUCLEAR 


Neutron activation and radioautog- 1 
raphy enabled me to observe the de- h er LTD. 
oe ' 750 Pembuna Highwa 
A 


posit, which had only 10‘ atoms. The i WINNIPEG 9, CANA 





‘ Associate Co Nuclear Enterprises 
plate was irradiated for 244 days in a) | etcelt, Cdn it. Seatend 


neutron flux of 10'? n/cm?/see. Silica 


Gadol inius, Gadolinium chlori 
4198 Galactonic aci tone, Gala 
ates loride taacetat 

When a positive potential of 120 ethanoi a@llic aci 

E.M.I. Portable Contamination Monitor Typel | volts was applied to the collector, the} Gallium tlium nit 
pattern spread out. Clearly the infer-| Gallocyanin, Gall ao, Ga 


pl 


For efficiency, sensitivity and con- | ay .e is that the gold is ejected as ions, | 4¥drol G “a 
venience, the scintillation counter, |}. are deflected by the retarding | 2° id 
a , ethano oy * 


using a photomultiplier in one of el etric fie Id. Assuming that the ions acetate, ny bromade, Ger 


its many current E.M.I. forms, is ._. — mee . 
: are singly charged, I deduce that their | Ge 
undoubtedly the most universally soy ia 252A) 100 e1 = s 
1 y ») T i f ° 


and aluminum activities decayed 
rapidly to leave the 2.7-day activity of 


energ IS 3: 


useful device for the detection and 
Bulk or 

measurement of alpha, beta and/or 
gamma rays. Gitoxigenin, Gitoxi n, Gliadin 

, Glucoascorbi d, ucochlo 
The range of E.M.I. photomulti- ; acid d, Gluc acid, Glucon 
plier tubes is probably the largest Clucosaminic ucose al 
in the world. As well as an extensive Glucose-o- -carboxyani lide, Glu 
list of standard types effectively | —tMpal, GL 
covering all the principal photo- thylme 
electronic applications, special — . ‘ » 
tubes can be produced to suit ; Blucose ehiour eide, Gli 
specific problems. Send us your Glucosides, Gluco; 
inquiries—our design team will 4 ae trimet hyvlammoniur 
gladly co-operate with you. , ; curonidase, Gluct 


surface? The possibility 


Oe 
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ro 


dioxime, 
anhydride, 
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of Fig. 1 has cross shape, showing influence 
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Engineering of Reactor Cores 
and Primary Loops — updat- 
ing current information on 
latest advances. A 24- or 32- 
page definitive report. 


for new subscriptions. We shall appreciate 
your passing along this insert to one of 
your associates who might profitably sub- 
scribe. 


Exhibits and program of Atomic Exposition. 
How Radiation Affects Materials — a new look. 
Buyers’ Guide (November). 


Modern Tracer Techniques in Plant and Laboratory. 
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Accurate, interpreted atomic energy intelligence for executives and 
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NUCLEONICS WEEK informs you of the latest commercial, political, 
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problems these decisions pose — who is to resolve them. 
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FIG. 4. CONDITION FOR FOCUSING 
(D < 4R) can be derived for hard-sphere 
model of atoms in a lattice structure 


that preferential ejection is a surface 
effect is ruled out by consideration of 
scattering. Interaction between a pro- 
ton and a gold atom is a Coulomb re- 
pulsion, which leads to the Rutherford 
scattering law. Rutherford recoils 
from the surface layer would produce a 
deposit symmetrical about the beam 
axis and uniform in intensity over the 
surface of the collector. 

That this type of deposit is not ob- 
served is evidence that most of the 
deposited atoms are ejected by a bulk 
irradiation effect within the crystal. 
Furthermore, because the energy of 
the ions is about 100 times as great as 
the surface binding energy, it is unlikely 
that surface forces influence ejection. 


Theory 


Silsbee has developed the theory of 
focusing collisions by considering mo- 
mentum transfer along a line of atoms 
by a sequence of collisions (4). Sup- 
pose that the atoms (radius R, distance 
between centers D) behave like hard 
spheres. If the first one is moving ina 





direction at an angle @, with the line of 
centers, the angle 9. at which the sec- 
ond recoils is @,;(D 2R)/2R for small 
angles in triangle A,AC of Fig. 4. 
Thus for 6, < 6; we require D < 4R. 
Under is condition @ tends to zero 
after several collisions along the line, 
energy then being transmitted without 
loss in a sequence of head-on collisions. 

This focusing effect will occur with 
atoms as it would with hard spheres. 
Any atom has a collision radius that 
increases as the energy decreases; this 
implies an energy below which D < 4R. 
Since D is smallest for the close-packing 
directions, we expect the most pro- 
nounced effect in these directions. An 
interpretation of my experiment with 
the irradiated crystal, therefore, is that 
the energy of the recoiling atom is 
rapidly focused into packets traveling 
along the close-packing lines and that, 
when these packets arrive at the sur- 
face, ions are ejected in the direction of 
the line 


_ ‘ — 
Further calculations (5, 6) consider | 


the attenuation of momentum packets 
and arrive at ranges of ~100 times the 
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PREMIUM QUALITY MILLED NEOPRENE 
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FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 


PREMIUM QUALITY, ALL MILLED NEOPRENE. THESE GLOVES 
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APPLIED RADIATION 

This article starts on page 133 
interatomic spacing in copper; the 
| energy is dissipated to lattice vibra- 
tions. My experiment establishes an 
upper limit of 104 A for this distance. 
| I reduced the proton energy until no 





ion ejection was observed; the energy 
| corresponded to a proton penetration 
to within 10‘ A of the face from which 
ions were ejected. Straggling of proton 
| range prevents an accurate estimate. 
A lower limit of 100 A comes from com- 
paring the observed amounts of gold 
with those calculated from an extension 
of one theory (6) and assuming that all 
BEHIND THE TELEFLEX APPROACH $ the ejected gold is collected. 
| When is it important? In light ele- 


A NEW TECHNIQUE FOR REMOTE ments, because the ion cores are small, 


D is unlikely to be less than 4R. Con- 


POSITIONING, REMOTE CONTROL! sequently in materials such as beryl- 


lium, graphite and the alkali metals, 
The TELEFLEX Principle using unique helical cable gives new freedom in | collision focusing will be unimportant. 
designing systems for remote operation or control in reactors. You can We can picture the light atom recoiling 
obtain extremely critical measurements, or position radioactive elements | {fo™m @ neutron collision; it loses energy 
with new precision and dependability. You can perform mechanical action | St by electron excitation (owing to 
in remote locations without costly downtime or personal hazard... at 
minimum cost. Here are a few of the advantages of TELEFLEXx Systems... 


its high velocity) and subsequently in a 
series of widely spaced interatomic 
collisions. The recoiling atom behaves, 
in other words, somewhat like an alpha 
particle at the end of its track. 

In the transition metals such as 
manganese, iron and cobalt, it is 
difficult to draw general conclusions. 
In some situations the crystal may 
favor focusing; in others it may not. 

In the so-called ‘‘full” metals (cop- 
per, silver and gold are examples) ion 
cores are large and occupy a large 
Helix wire of cable engages specially Cable and rigid conduit can be formed fraction of the crvstal volume. We 
hobbed wheel to drive cable in tension to meet any physical characteristics of é 


and compression, continuously, over reactor design, will fit in or around : z 
long distances. existing structures. condition to be fulfilled. This may 


may therefore expect the focusing 
also be true in heavy elements. In 
particular we can expect a large 
focusing effect in alpha uranium 


| Implications 


Detailed theoretical study of the 

implications of focusing in copper (6, 7 

explains an Oak Ridge experiment. 

| Radiation effects on mechanical proper- 

Electrical Lead Cable transmits elec- Actuator can be located away from _ ain copper exystel ievadiated a1 
trical signals through insulated wires radiation areas permitting use of stan- 20° K in a reactor (8) suggest that the 
stranded in cable core—eliminates exter- dard, commercial components. Systems range of a recoil atom is much greater 


nal electrical wires. Thermocouples operate in temperature extremes to rr 
electro-magnets, ion-chambers are 1400°F. Maintenance is practically than expected by the old theory. The 


easily moved and replaced. pooner — a inconsistency is explained by consider- 
ing the interaction between focused col- 
Depth of experience with unusual control applications allows TELEFLEX lisions and dislocation lines, the defects 
Engineers to look at any control problem with a completely unrestricted responsible for mechanical properties. 
viewpoint. To see where the “TELEFLEX Approach” can help you, send Leibfried (7) uses the idea that a 
today for full information. collision sequence passing close to a 
dislocation may produce an interstitial- 
T © vacancy pair which would lock the 
| dislocation, thus increasing the yield 
INCORPORATED, NORTH WALES, PENNSYLVANIA stress and decreasing the internal 
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WITH THE TELEFLEX APPROACH: 


A NEW, LOW-COST CONTROL ROD DRIVE! 


This new control rod drive mechanism is highly flexible in design, accurate, 
reliable. Yet it costs much less than ordinary systems. The principal 
operating member is the TELEFLEXx Electrical Lead Cable driven by a 
motor-actuator (1). Cable passes from actuator over idler wheel (2) into 
air cylinder (3). Here, the Electrical Cable energizes an electro-magnet 
which holds an armature and piston attached to control rod extension. 
When the “scram” signal de-energizes the magnet, the control rod 
extension falls freely until last two inches of travel, where piston and 
cylinder act as dash pot to break the fall. Total “scram” time is 500 
milli-seconds for 24 in. drop. 





Tecer_ex Control Rod Actuator positioning speed can be varied to meet design requirements. 
Overhead space is kept to a minimum by eliminating rigid rack or screw. All electrical parts are 4 
out of pool water. Position indication is accurate to .010in. Entire system is neat, simple, accurate. 


The design principle of TELEFLEX Control Rod Drives can be used in 
tank-type, swimming pool or pressure-sealed power reactors. This is just 
one example of the *““TELEFLEX Approach” applied to an existing problem. 
Other completely developed systems include instrumentation drives, 
source drives, valve controls, special mechanisms. To see how you can 
use the ““TELEFLEX Approach” to advantage, write for your copy of the 
TELEFLEX Nuclear Catalog. 


TELEFLEX 


INCORPORATED, NORTH WALES PENNSYLVANIA 
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now more than ever 
radiation monitoring 
you can bank on 


new peace of mind comes to the 
wearer of this badge. Not only does 
he always know the full score on his 
personal exposure, but he can confi- 
dently rest on its accuracy, too. Con- 
tinuous technical improvement in 
Gardray film processing and densi- 
tometry (direct electronic IBM re- 


cording now eliminates all possibility | 
the method is safe and accurate; it is 


of human error) gives him this pos- 
itive protection ... 


GARDRAY records exposures as low 
as 1 mr, as high as 300,000 mr. 


GARDRAY is sensitive to gamma and 
x-radiations and beta radiation: reports 
them separately. 

GARDRAY reports are cumulative 
tallies: (1) current week (2) 13-week 
total (3) year’s total to date. 


GARDRAY reports are prompt (two 
days in and out, average). 


GARDRAY identification is doubly- 
sure: (1) printed on wrapper (2) x-rayed 


PICKER 


e7- 8-983. 9-% 4 


cumulative 


TALLY 


You can start enjoying this protection 
(and acquiring this peace of mind) any 
time. Right now, if you wish, by calling 
any Picker X-Ray local office. Or write to 


PICKER 


X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 
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Argon-4] Measures 


Natural-Gas Flow 


By DUANE V. KNIEBES, PHILIP V. BURKET and WILLIAM R. STAATS 
Institute of Gas Technology, Chicago, Illinois 


In long-distance natural-gas trans- 
mission lines it is important to main- 
tain smooth inner surfaces. A costly 
decrease in carrying capacity results 
when corrosion causes excessive fric- 
tion, and accumulated dust and liquids 
reduce pipe diameter. 

Periodic flow tests detect sections 
that need cleaning. The usual test 
an injection of ammonia as a 
tracer and detects its arrival ten miles 
downstream from the injection point 
with a color-sensitive pH indicator. 
The method has several drawbacks one 
would like to We 
developed a tracer test that uses Ar*! 
and a scintillation detector. Although 
the short half-life of Ar*! is a drawback, 


uses 


eliminate. have 


capable of checking on the ammonia 
method and offering some additional 
information. 

We irradiate our tracer in the CP-5 
reactor at Argonne National Labora- 
tory, transfer it to a special injector 
and force it into the gas line with 
high-pressure nitrogen. Calculations 
based on our tests show that under 
typical operating conditions (20—30-in. 
pipe, 600 psig, 30 ft/sec) 2 me of Ar*! 
accurate measurement 


will give an 


ten miles downstream. 


Ammonia Method 


For the usual flow test 
pounds of liquid ammonia are injected 
into the gas stream with a probe in- 
serted through a riser on the line (1). 
Travel time is detected by noting color 
change in an indicator through which 
a small sidestream is bubbling. 

Although ammonia gives satisfactory 
results, it is subject to several criticisms 
and limitations: 

1. Several seconds are required to 
the liquid ammonia; initial 


several 


inject 


' e . . . 
dispersion is 100 ft or more. 


2. Forward diffusion of the tracer 


| may be enough to introduce error at 
| the detection point; at distances greater 
| ° . * 

than ~15 miles diffusion makes de- 


tection unreliable. 
3. Significant error may be intro- 
duced by the time required for the 


| tracer to travel from the main gas 


stream to the indicator solution. 

4. Ammonia is still present in the 
gas for some time after the main tracer 
Repeat tracer 
more dif- 

ammonia 


charge has passed. 


injections are, therefore, 
ficult to detect 
accumulation in the indicator. 

5. Where amounts of 
dioxide are in the 
gas, the method cannot be used be- 


owing to 


significant 


carbon pipeline 


cause of loss of ammonia by carbonate 
formation. 


Radioactive Tracer 


To circumvent the major criticisms 
of the ammonia method, we tried Ar*! 


High-pressure 
nitrogen 


Check valve 








From Tygon 
tubing 





volume 


| 
| 
| 
| 


= 


Check valve 











To pipeline | 


FIG. 1. TRACER INJECTOR has storage 
volume and three valve channels. One 
channel admits Ar‘! tracer. Other two 
have check valves to enable blowing 
tracer into pipeline with nitrogen 
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Pipe union 
imector 

















FIG. 2. QUARTZ BULB holds reactor- 
irradiated argon in Tygon tube. Crushing 
bulb and raising mercury reservoir pushes 
tracer into injector of Fig. 1 





109 
radioactive tracer. 
its short 


min, 1.37-Mev 
Its most undesir- | 
half-life, re-| 
quiring flow tests during the day in 
which the 


reactor (2). On 


gamma) as a| 


able feature is 
nuclide is removed from the 
the other hand the 
the 
safety as does the inertness of argon. 
The 
detection outside the pipe wall. 


rapid decay in pipeline assures 





husky gamma photon 


Test Procedure 


Preliminary tests in a closed pipe | 
section gave us accurate estimates of 
need in the field, 


we can get with a 


how much tracer we 


the counting rate 


ANL CP-5 reactor to 


day of testing. Evacuated 


to atmospheric pressure and irradiated 


overnight in a flux of 2 1033 n/em? 


sec to produce saturation activity of 
~400 me of Ar* per bulb. 

At the injection site on the pipeline, 
each tracer charge was transferred to 


an injector (Fig. 1) containing the 


tracer gas in a 50-ml volume in the 


The volume is sealed 





center section 
at each end by check valves that open 
at a 50-lb pressure difference and per- 
gas 
The tracer is loaded through a needle- | 
valve straight- | 
through bore that is part of the 50-ml | 


mit flow in only one direction. 


channel joining the 


volume. The injector permits rapid 


insertion of the tracer; the check valve | 
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No dorkening, even under the most intense radiation, when you use 
Corning windows. Whether dry or oil-filled, the windows also resist cor- 
rosion and moisture. Windows come as packaged units, ready to’ install. 


Why it’s as easy to buy a 
whe saloactats a the maaoe o HOt-Cell window as a test tube 


market. 

We used the 
prepare two tracer charges for each 
50-ml | 
quartz bulbs were filled with pure argon 


You leave a hole in your hot cell. . . 
we'll do the rest. 

That’s the simple proposition made 
by the men who sell our radiation 
shielding windows. And they've backed 
it up in more than 400 installations. 

You tell us the wall thickness and 
the peak energy level you'll be work- 
ing at and the viewing area you'll need. 

We do ail calculations, provide de- 
signs and materials, and deliver a pack- 
aged window that’s ready to install. 
Three special glasses 

We've developed three glasses to an- 
swer any radiation problem. The glasses 
are used singly or in combination, de- 
pending on your needs. 


Corning Code 8362 is a cerium-stabi- 
lized, non-browning lead glass with a 
density of 3.3 gm/cc and a refractive 
index of 1.59. 

Corning Code 8363 is a special, high- 
lead glass that weighs in at 6.2 gm/cc 
and equals iron for shielding. R.I. is 
1.98. 

Corning Code 8365 is a cerium-stabi- 
lized, non-browning lime glass. Density 
is 2.7 gm/cc. R.I. is 1.52. 

For complete details on these glasses 
and the service that goes with them, 
write for Bulletin PE-51. One of our 
men will be glad to work with you on 
your projects. Corning Glass Works, 
16 Crystal St., Corning, N. Y. 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 
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APPLIED RADIATION 


This article starts on page 142 


CASE 


HISTORY P-K PAUL VENTURI-BALL 


CONTROL VALVE SOLVES 
7OO°F 
ote] 41, fe 
PROBLEM 


TEXAS CITY 
REFINING 





FIG. 3. CONNECTION TO LINE is through 

| standard riser (bottom). Injector is at top, 
and connection for nitrogen is in operator's 
left hand,"severalifeet below 


arrangement allows full pipeline pres- 
sure at the downstream side, and the 
| tracer is blown into the line by applying 
high-pressure nitrogen upstream. 
‘Coking has been a problem on 


valves for 15 years at this plant. In 
March, 1958 a P-K Paul Venturi-Ball 
Valve was installed in the feed line 
to No. 1 Vacuum Tower. This is 
heavy oil from Tar Separator Tower 
and is one of the roughest services 


Transfer of tracer to the injector 
is accomplished with a 6-in. length of 
Tygon tubing connected to a leveling 
bulb full of mercury (Fig. 2). The 
quartz bulb goes into the tubing, 


: a : which is just large enough to admit it; 
in the plant. Oil is flowing at 700°F | 

and contains coke and coke fines. 
No previous valve had ever per- 
formed satisfactorily prior to 
this time. 


Higher Flow Capacity 
Wide Rangeability 
Positive Shut-Off 


The valve has given con- 
: tinuous service since being in- 
ate a tens stalled. Recommended spare parts 
on-Turbulent Flow are unnecessary nothing has 
Low Operating Thrust worn et on these volves.” 

This is one more example of Gen- 


Self-purging eral Kinetics’ ability to solve oa 


, particularly tough problem. For 
Highly Resistant to rf 


p . operations requiring reliable con- 
Erosion and Abrasion trol valves, General Kinetics offers 


a complete line of P-K Paul Venturi- 
Ball Control Valves. 





Write today for the 16 page 
Technical Bulletin GV 101 


General Kinetics Corporation 


197 South Van Brunt Street - Englewood, New Jersey FIG. 4. DETECTION DOWNSTREAM uses 
| scintillation detector on pipe, strip-chart 
recorder (lower left) and tape recorder for 


high counting rates 
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oe. Theil hi hinoe 


Nuclear Scientists, 


Engineers & Mathematicians: 


“A mans mind 


stretched by a new idea 


can never go back 


to its original dimensions.” 


-.. OLIVER WENDELL HOLMES 


The collective “mind” of The Knolls 
Atomic Power Laboratory has been stretched 
to new dimensions frequently by such milestone 
achievements in reactor technology as the Triton 
twin-reactor propulsion system, the sodium- 
cooled reactor system for Seawolf and the de- 
velopment of a number of unique critical assem- 
blies for applied research and experimental 
programs. 


Exploratory work, now underway, again 
calls for reactor engineers and scientists to reach 
beyond the conventional bounds of nuclear tech- 
nology — to apply their broadest knowledge to 
the problems of achieving major breakthroughs 
in reactor simplification. 


That imaginative thinking may be unob. 
structed by material barriers, KAPL maintains 
a full complement of experimental and test fa- 
cilities, many of them unique, ranking with the 


finest in the free world. 


A limited number of vacancies are avail- 
able to physicists, nuclear engineers and mathe- 
maticians of demonstrated calibre. U. S. citizen- 
ship and appropriate engineering or scientific 
degree required. Address inquiries in confidence 
to Mr. A. J. Scipione, Dept. 48-MF. 


_Knolle Atomic Power Laboratory 


OPERATED FOR AEC BY 


GENERAL @® 


Schenectady, New York 


“KAPL Review,” a publication describing the Labora- 
tory’s current activities, facilities, and recent achieve- 


and scientists. 


ELECTRIC 


& x Se 


uaiversal 
shield with “built-in’’ 
versatility 


Designed for use with most counting systems, the Universal Shield 
can help you solve a variety of shielding problems. The Shield's 
12-inch high steel walled center tube has a 4% inch diameter and 
can readily accommodate most standard detectors, scintillation 
probes and crystals. 

SPECIAL CONSTRUCTION FEATURES: 

One and one-half inches of lead have been cast between 5/16 
inch steel inner and outer walls to provide the shielding equiva- 
lent of almost two inches of lead. All lead is steel incased to 
prevent deformation. 


Removable top shield contains two individually removable two- 
inch deep concentric lead plugs. 


Bottom shielding is provided by two two-inch thick lead plugs 
which may be replaced with a low z material to further reduce 
backscatter in critical counting problems. 


Right-hand door has latch-type handle and 4 inch by 4 inch opening. 
Step-type seals on door and plugs. 

Space-saving, slide-in carrying handles. 

OPTIONAL CAST ALUMINUM BASE AVAILABLE: 

Extra bottom shielding or electronic circuitry can be housed in 


optional cast aluminum base which has a removable front panel 
for mounting controls, connectors, etc. 


DESIGNERS AND DEVELOPERS 
OF SCIENTIFIC EQUIPMENT 


We offer design and con- 
struction facilities for your 
special equipment needs. If 
you have any equipment de- 
sign problems, write or, bet- 
ter yet, call us today. We 
may be able to help you. 


$348 
F.O.B. Chicago 





INSTRUMENT AND 
DEVELOPMENT PRODUCTS 


CO., INC., 355 West 109th Place 
Chicago 28, Ill. WAterfall 8-1221 


¥ 
ments is available on request to interested engineers Pa 
' 


— 
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VIBRATING CONDENSER 
ELECTROMETER 
MODEL A.C.V. 


10'5 ohms. 
*- Drift lower than | mV/day 
30 mV, 100 mV, 300 mV, 


*- Input insulation : 


- Scales : 
twa ¥, 


10'? ohms, 
10'° ohms, 
10® ohms, 


- Input resistances : 


*- Price : 683 $ 


SOCIETE D'APPLICATIONS 
INDUSTRIELLES 
DE LA PHYSIQUE 
(S.A.1.P.) 


EDUCATIONAL 
COUNTING UNIT 
MODEL ECH 10A 


m Bey detection by thin-window halogen 
Geiger Muller counter 


®. Counting by scale of ten with decade 
counter and 4 digit register and zero-reset 


®- Regulated EHT for supply for G.M. counter 


* Accessories 
* 30 Cm groduated support plate : for 
mounting of G.M. counters, absorbers 
ond sources 
* A set of 14 aluminium, copper and lead 
RE 10 A absorbers 
* A set of 4 standard sources. 


: 190 $ 


* Price 


All instruments for Nuclear Physics 


38, rue Gabriel Crié - MALAKOFF (Seine) - FRANCE 








Data is now available after 7000 hours of in- 
reactor use with a total integrated flux of over 
1018 n.v.t. Transducers, complete with remote 
readout to measure stress-strain, creep and many 
other parameters in the heart of an atomic 
reactor are a proven reality at PSC. 

For a solution to your in-reactor measurement 
problems, contact Harold Potter, Vice-President 


of sales. 


IN-REACTOR 


PHYSICAL 
Telia, ie +) 
CORPORATION 


389 North Fair Oaks 
Pasadena, California 
MUrray 1-5644 


an affiliate of Packard Bel! Electronics 








Announcing... 
The New Exclusive 


ST. JOHN WRISTBAND 
FILMBADGE HOLDER 
for x-ray, beta,gamma and 


neutron monitoring with weekly 


and 13 - week badges 


St. John X-Ray 
Laboratory 


Califon New Jersey- Phone: Califon 49 


_ OUR 35th YEAR 


formerly Technical industries Corporation 


APPLIED RADIATION 


This article starts on page 142 


the tubing is connected to the injector 
with a standard pipe union; the needle 
valve is opened, and the bulb is 
crushed. Handling the bulb with a 
long hook and tightening the union with 
a long-handled wrench reduces radia- 
tion hazard in these two operations. 

Once the bulb is crushed, raising the 
mercury bulb forces the argon into the 
injector. Tracer transfer is essentially 
complete; mercury can be pushed into 
the injector valve. Afterward we 
close the needle valve, disconnect the 
Tygon tubing and handle the injector 
by its connecting pipe. 

Connections are then made to a 
probe leading to the gas stream (Fig. 3) 
and to a high-pressure-nitrogen cylin- 
der. Opening the probe valve permits 
pipeline gas to fill the injector back to 
the downstream check valve. Opening 
the nitrogen valve injects the tracer 
charge in less than a second. No 
residual activity has been found in the 
injector after the briefest purge we can 
make by closing the 
nitrogen valve by hand. 

Downstream the gas is monitored 
with a scintillation detector on the 
outside pipe wall (Fig. 4). A rate- 
meter output is recorded on a strip 
chart, and a tape recorder connected 
to the output of a scaler provides an 


opening and 


extra record in case we exceed the 


strip-chart range. 
In the Field 


Our first 
tracer injections at 
a 26-in. central-Illinois pipeline. The 
line had been stabilized at a flow rate 


field test consisted of 


l-hr intervals in 





Counting Rate (10°cpm) 


Time (sec) 


“FIG. 5. COUNTING RECORD determines 


'30-min travel time within 1 sec 
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‘at both points. 
| velocity was small enough to enable 





26.5 


Travel time (min) 


Counting Rate (10° cpm) 


50.5 50.75 51.0 51.25 


FIG. 6. TWO DETECTIONS of same tracer 
slug give these counting curves 8 and 17 
miles downstream from injection 


of ~2.5 X 10® std ft?/day and was 
under ~600-psig pressure. At the 
time of injection the tracer had decayed 
to ~20 me. The curve of Fig. 5 was 
obtained at the detection point when 
the tracer arrived 30 min later. The 
range of the strip chart recorder was 
exceeded over the top portion of the 
curve; so we constructed the missing 
section from pulses recorded on the 


tape. Travel times for the tracers, 


75 from injection to ratemeter peak, were 
|in agreement to within 1 sec. 


We also 
obtained good agreement with con- 
current ammonia tracer measurements. 

Our second field test was on a 20-in. 
pipeline in central Kansas. Two pairs 


| of tracer injections were made on 


successive days with different flow 
rates in the line. Two detection 
points were used, one at 8 miles, the 
second ~17 miles downstream from 
the injection site. Fig. 6 is a chart 
record of the passage of the same tracer 
In this case gas 
moving detection equipment to the 
second detection point and setting up 
before the tracer arrived. The tracer 
diffusion rate is readily indicated. 
- - * 


The authors acknowledge the assistance of 
R. T. Ellington and the Project NB-13 
Supervising Committee, under whose guidance 
this work was done, and of the Pipeline Re- 
search Committee of the American Gas Asso- 
ciation, who have sponsored this research 
effort. 


The authors also thank the Panhandle 


Eastern Pipeline Co. and the Northern Natu- | 
ral Gas Co. for making their facilities and 


personnel available for the field tests. 
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orbit successfully 


on TMI tubing 


In this fast-moving world, the 
accomplishments of almost every phase of 
the metalworking industry is linked in- 
separably with performance of stainless 
steel or special alloy tubing. That’s why 
the TMI mark of quality travels in 
such good company. It gets good ideas 
of design and production engineers off the 
launching pad and successfully into orbit 
with regularity . .. in instrumentation, 
aviation, nuclear development, space ex- 
ploration and endless thousands of appli- 
cations where small diameter tubing 
(.050” to 1.250” O.D.) must be drawn to 
tolerances as close as .0005”. 
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SHIPPINGPORT PRESSURIZED 
WATER REACTOR 
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| Glossaria Interpretum: Nuclear 


Physics & Atomic Energy 


(Terms of nuclear physics and technology in 


English, French, German, Russian). Edited by 


| GEORGES J. BENE, R. BEELER, M. GOLUB 
(Elsevier Publishing Co., Amsterdam, 1960, viii + 


213 pages, $6) 


| Dictionary of Atomic Terminology 


Edited by LORE LETTENMEYER, (Philosophica 
Library, New York, 1959, 298 pages, $6) 

Although English has become pretty 
largely the lingua franca of atomic 
energy, the increasing extent to which 
countries are 


foreign busying them- 


| selves with nuclear development brings 


a need for bi- and multi-lingual 


technical dictionaries and glossaries. 
Two new ones have recently appeared, 
and both are likely to find a useful 
place on atomic bookshelves, although 
neither can quite take the place of the 
Dictionary 
of Nuclear Science and Technology 
(edited by W. E. 1958)—if 


for no other reason than that the two 


big Elsevier six-language 
Clason, 


newcomers are but glossaries (multi- 


lingual tables of equivalents) while 


| Clason’s work is a full-fledged diction- 
| ary with definitions. 


The Glossaria Interpretum volume 
is one of a series edited by the inter- 


preters’ schools at the Universities of 


| Geneva and Mainz and the School of 


Foreign Service of Georgetown Uni- 
They are aimed at giving 

both 
working at scientific con- 


versity. 


interpreters, professional and 


apprentice, 


| ferences, a ‘‘terminological apparatus 


both scientifically planned and gen- 
Like the other 
two works mentioned here, the vocabu- 
lary is alphabetized following the 
English word order, with indexes for 


| each of the other languages—a great 


convenience to English-language users. 
Although the glossary was prepared 
under the of the Physics 
Dept. at Univ., it is un- 
fortunately somewhat unsophisticated. 


auspices 


Geneva 


| One wonders about the usefulness of 


such expressions as “atomic furnace” 
and ‘“‘gunk”’ (Fr. crasse, Ger. Schmuiz, 
Russ. gryaz); “‘donut, doughnut” is 


| translated amplificateur du fluz, Fluss- 


On the other hand “fuel 
element”’ is missing, “‘canning”’ (Brit- 
ish usage) is correctly translated but 
(U. 8.) is rendered as if it 
were a shielding, and the unfortunate 


verstarker. 


“cladding”’ 


| old confusion between “boiling water 
| reactor” and “water boiler reactor” is 


revived. These are only random ob- 


servations; but the work as a whole is 
so immensely useful (its pocket, digest- 
magazine size is a minor but added 
distinct advantage) that it is much to 
be hoped that a second edition will have 
the benefit of some painstaking mid- 
wifery by a practicing nuclear engineer. 

Lettenmeyer substitutes Italian for 
too, 
The 


two 


Russian as fourth language. It, 


has a basically lay approach. 
reviewed by 
Letten- 


not given. 


manuscript was 


Munich physicists; Fraulein 
meyer’s qualifications are 
For 
long list of 


example, stringing together a 


similar terms such as 
‘“‘nuclear-powered locomotive, nuclear- 
propelled aeroplane, nuclear-propelled 
ship, nuclear-propelled submarine, nu- 
clear-propelled tanker,”’ which offer no 


inherent difficulties in translation, 
contribute little to international under- 
standing. On the other hand terms 
found at 
clude “ 


“grid plate,”’ “primary loop,” 


random to be omitted in- 


cladding,”’ *control-rod drive,”’ 
“‘ultra- 
sonic test,’ “‘canned motor pump’ 
in fact even “pump.” As it stands, 
the book is useful for straight mechani- 
cal translation work, but not for 
the 


another language 


learning atomic vocabulary in 


with nuances and 
fine points. 


What 


present 


would be a real Christmas 
for the 


must work in more than one language 


harried atomist who 
tremendous 
groundwork these 


three, pocket-sized like Béné, including 


is a work building on the 
already done by 
short definitions like Clason, but hav- 
ing a vocabulary carefully checked by 
the 
languages are included. —JK 


working practitioners in each of 


Health Physics Instrumentation 


By JOHN S. HANDLOSER (Pergamon Press, 
New York, 1959, x + 182 pages, $6.50) 

“Health Physics is the art of radi- 
ation protection,” says this little book 
on p. 1; then it goes on to present much 
of the material that one hopes will make 
this art into a science. The book will 
fill a worthy purpose in giving health 
much that 
has been word-of-mouth and general 
Mean- 
while the novice is not burdened with 
the facts and figures that he can better 
find in Blatz’s ‘‘ Handbook” or Hine and 
Brownell’s ‘‘ Radiation Dosimetry.”’ 

In a the author 
takes up the general nature of health 
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physicists a place to begin; 


information is set forth in print. 


readable fashion, 








physics, its concepts and units, detec- 


tors, survey instruments and monitors, 
counting rooms and calibration. 
might ask 
of the newer devi 
thermoluminescent dosimeters. But 


es, such as glass and 


these topics are the excuse for periodi- 
cals and second editions.—HI 


ALSO OF NOTE 


Fuel Elements Conference (TID-7559 
Part ] 


sented at the 


ontains un lassified papers pre- 
meeting held in Gatlin- 
May 14-16, 1958. 303 
fice of Technical Services, 


nlerce Washington 


Atomic Radiation, Part Il, is a com- 
to “Atomic Radiation,” 
n 1957. Whereas the latter 
radiation protec- 


pub- 


d the field of 
id underlying theory, Part II is 
cerned with practical methods 
117 pages RCA 
Government Services (210-1), 


,.@ 


$2.65. 


ORNL Master Analytical Manual re- 
prints aré vailable. The 
sections are as follows 
ods, $9.00; 2, Radio 


uund together), 


One | 


perhaps, for mention of some | 


available | 
1, Ionic Meth-| 
hemical Methods, 


ds and Nuclear | 
wess Methods, | 


ments will also 
fhice of Technical Serv- 
ommerce, Washing- 


Stratospheric Radioactivity Data Ob- 
tained by Balloon Sampling (TID- 
5555) is a collection of data covering a 
six-year period prepared for presenta- 
tion before the Congressional Joint 

n May, 1959. 141 pages, 


1.5 Ofhice of Te } nical Ne rvices, De- 


- ¥ , . | 
partment of Commerce, Washington 25, | 


Dp, C. 


Potential Nonnuclear Uses for De- 
pleted Uranium (TID-8203 
past industrial uses for uranium and its 
properties of depleted ura- 


discusses 


products, 
nium and its principal compounds, 
potential industrial uses, 
safety 
ments relating to potential markets. 
Office of Technical 
Services, Department of Commerce, 


Washington 25,  &. 
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aspects, and summary of com- 


58 pages, $0.75. 
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DIRECT CURRENT HV POWER SUPPLY 


@ 0.005% STABILITY 

@ 10 MILLIVOLT RESOLUTION 

@® LESS THAN 5 MV RMS RIPPLE 
@ 0.25% CALIBRATION ACCURACY 
@ 1000 TO 10,010 V, 0-10 MA 


Model 410A Direct Current HV Power Supply provides 


iccuracy and stability over a wide range of v ge and curr 
| Feoyvmoleiaeltimele)t cm -M lime sce oc latluct sett m@eettcc-Maetectem teal: 
instrument in the nuclear research field. “Model 410A 


power BWO tubes, traveling wave tubes and klystrons 


extremely useful as a high voltage calibration standard 


interlocks prevent accidental damage to auxiliary equi 
omek, Bok 2. Bs -& ©) 3 Onn een Me eek, 

1 KV to 10.01 KV, DC 

0-10 ma (0-20 ma below 6 KV) 
0.01% line or load 

0.005%/hr., 0.03%/day 

Less than 5 mv RMS 


Output Voitages 
Output Current 
Regulation 
Stability 

Ripple 

10 mv at any output voitage 
Better than 0.25% 


Voltage Resolution 
oF Vilelg balelam-\etettia toa] 
+ or — with respect to chassis 
19° wx127/32 h 

95 ibs 


+ I O)-)- Melon Mom ombs lot del a 


Output Polarity 
kel iabalale, 
Weight 


Price Seattie, Wn 


Prices and technical a subject to change without not 


JOHN FLUKE | MANUFACTURING CO., INC. 


P.O. BOX 7161, SEATTLE 33, WASHINGTON 
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NUCLEONICS’ Quarterly Survey of New Labeled Compounds 


Radioisotope- and nonradioisotope-labeled compounds in- 
troduced for sale during the preceeding quarter by various 


suppliers are listed below. 
ing on a quarterly basis. 


NUCLEONICS is carrying this list- 





Supplier 
Abbott Labs 
P. O. Box 1008 


Oak Ridge, Tenn. 


Isomet Corp. 
433 Commercial Ave. 
Palisades Park, N. J. 


Merck & Co., Ltd. 
560 De Courcelle St. 
Montreal, Canada 


New England Nuclear Corp. 
575 Albany St. 
Boston 18, Mass. 


Nuclear-Chicago Corp. 
333 E. Howard Ave. 
Des Plaines, Ill. 


Nuclear Corp. of America 
P. O. Box 688 
Burbank, Calif. 


The Radiochemical Centre 
Amersham 
Buckingham, England 


Tracerlab, Inc. 
1601 Trapelo Rd. 
Waltham 54, Mass. 


Twentieth Century Electronics Ltd. 


New Addiagton 
Croydon, Surrey, England 


U. S. Nuclear Corp. 
P. O. Box 208 
Burbank, Calif. 


Volk Radiochemical Co. 
5412 N. Clark St. 
Chicago 40, Ill. 


Compound 
cyanocobaltamine-Co*’ (sterile solution) 
cyanocobaltamine-Co*’ 
cobalt chloride-Co*’ 


(capsules) 


methane-C* 
potassium cyanide-C!8 
potassium cyanide-N' 
NaN,N® (terminal) 


sodium acetate-2-C!8 

glutamine-amide-N'* 
methyl-bis(2-chloroethyl-1,2-C')amine HC] 
t-butyl-Ds chloride 

isobutylene-D, 


di-t-butyl-C'*-p-cresol 
dodecane-1-C'* 

guanidine-C' hydrochloride 
6-mercaptopurine-8-C™ hydrate 
mescaline-8-C'* hydrochloride 


aldrine-C* 

dieldrin-C** 

cholesterol-26-C'4 
dehydrocholesterol-C* 
1-naphthoic acid (carboxyl-C"*) 


hexadecane-1-C™ 
potassium cyanide-C'! 
benzo(a) pyrene-7, 10-C'* 
deuterium chloride 
deuterated chloroform 


pheny] isothiocyanate-S** 
O, O’-diethyldiethylaminoethyl phosphorothiolate-2-S** 


Specific 
activity 
(mc/mM) 
1,000 uc/mg 
750 pe/mg 


Price 


($/me) 


50-60 % 
50-60 % 
95% 


95% 


625/gm 
750/gm 
750/gm 
1,600 /gm 


50-60% C# 
95% N's 
9 


410/gm 
1,200/gm 
2 2, 

96% D 80/gm 
98% D 175/l 


750 
450 
350 
750 
650 


O, O’-dimethyl(N-methylearbamoylmethy]!) phosphorodithiolate 


glyceryl tristearate-T 
atropine-T 


dl-epinephrine-d-bitartrate (methyl-C"*) 
6-hydroxy-§-methylglutaric-§-C™ acid 
orotic acid-2-C™ hydrate 

ammonium thiocyanate-C'* 
B-naphthoxyacetic-1-C™ acid 


methyl borate 
methyl-C"* iodide 
methane 


n-heptane-1-C!* 
n-octane-1-C!4 
n-nonane-1-C14 
formamide-C' 
ammonia-N* 


benzoyl-carbonyl-C"* peroxide 
diisopropy|flurophosphonate-(DFP)-P# 
butane-1-C™ 

l-arginine-T monohydrochloride 
methyl-T iodide 


>90% BY 
>50% C™ 
>50% C1 


Coe es ee 
qo ! of 
5 & bw Ww bd 
X 


900 
51 

490 
145 
20 145 


an no 
a 
= 
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Printed-Circuit Motor 


Flat printed circuit replaces con- 


ventional wire-wound armature in | 


motor that is pancake-shaped (above). 
Lightweight armature permits motor | 
to reach full speed within a few 
thousandths of a second. Smooth 
torque at low speeds and low armature 
inertia enable direct drive in servo 
applications. Printed motors for nu- 
clear applications are now under 
development.—-Photocircuits Corp., 
Glen Cove, N. Y. 





Zircaloy Tubes 





Zirconium tube produced by extrusion 
and cold-drawing methods is available | 
in large quantities. New arc-welding | 
techniques permit fabrication of very | 
long tubes (above).—Chase Brass & 


Copper Co., Waterbury, Conn. 


High Vacuum Pump 


General-purpose, high-vacuum pump 
has a 40-l/sec capacity and can 
produce vacuum below 1 X 10-* mm 
Hg. Because it operates on a cold- 
cathode discharge within a magnetic 
field, pump has no moving parts and 
modular internal structure is easily re- 
moved. Combined with an appropri- 
ate power supply, the pump constitutes 
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MODEL #N616 





»ss+ss +s THE EKCO N616 
VIBRATING REED ELECTROMETER 


Unsurpassed performance and flexibility at low 
cost. Proudly offered as successor to the widely 
used and well known EKCO N572 Electrometer. 


The name Ekco Electronics, Ltd. signifies more than world-wide 
representation and acceptance on six continents. Whether it be 
instruments for precise radiation measurements, unique laboratory 
research, reactor monitoring, public health and plant safety, or 
industrial gaging through isotopes, Ekco Electronics, Ltd. on the 
nameplate of an instrument represents the acme of excellence in 
design, performance, dependability and long-lasting value. An im- 
pressive list of companies and institutions throughout the world 
use Ekco equipment. 


The above instrument is one of a large and complete range of 
EKCO instruments described more completely in the EKCO cata- 
logues available upon request. We cordially solicit your inquiry. 
Write today for name of franchised EKCO representative nearest 
you. 


NOW FULLY PROVEN 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 


The EKCO Scintillation Counter has been thoroughly evaluated 
and proved in actual use. It is accepted as the best dollar value on 
the market . . . convincing proof that superb instrumentation need 
not be expensive. 


AVAILABLE FOR IMMEDIATE DELIVERY 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd., Southend, England 





NEW PROFESSIONAL GROWTH OPPORTUNITIES for 


PHYSICISTS, SCIENTISTS, 


ENGINEERS, (Metaliurgical, Chem., Mech.) 


tp 


a Era 


— es 


¥; 


¢ Reactor under investigation by Westinghouse 


( 


THE SEEBECK EFFECT— Utilizing the Seebeck Effect in a 
reactor environment, for direct conversion of heat to electrical 
energy, is one of the many research problems under intensive 
investigation at the Atomic Power Department of Westinghouse 
where scientists and engineers are seeking new and improved 
ways of developing economically competitive atomic power 


plants. 


Scientist-Engineer—For design and 
application of digital and logical tech- 
niques for process measurement and 
control. B.S. with minimum 5 years 
related experience. 


Scientist-Engineers—To work on ir- 
radiation damage studies of thermo- 
electric materials and instrumentation 
for measurement of thermoelectric 
parameters at high temperatures. 
Graduate degree in physics or metal- 
lurgy. 





Scientist-Engineers—To design, 
fabricate and test experimental equip- 
ment for irradiation testing of materi- 
als. B.S., M.E., and experience applica- 
ble to position. 


Scientist-Engineers — Nuclear sys- 
tems design studies and calculations 
background required to establish pri- 
mary coolant systems design and para- 
meters i.e., temperature, pressures 
and flow rates. B.S., M.E. and 5 years 
experience in power plant design and 
cycle analysis. 


If you can visualize your professional growth in an atmosphere of scientific 
investigation, write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, RO. Box 355, Dept. W-97, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


Department starts on page 150 
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a complete high-vacuum system. 
Traps, baffles and water connections 
| are not required.—ULTEK Corp., 920 
|Commercial St., Palo Alto, Calif. 
| 


‘ss or 


eo OL alata 


Treatment Time Calculator 


Treatment Time Calculator (above) 
tells with single setting present strength 
of Co® source and shows treatment 
time necessary to deliver prescribed 
amount of radium-equivalent mg-hrs. 





| Calculator also shows comparable me 
and mg values for Co*.—Nuclear 
Consultants Corp., 9842 Manchester 
Rd., St. Louis 19, Mo. 


| All-Stainless-Steel Hood 


| Stainless-steel hood features crevice- 
free, round-corner construction and 
| dimensions of 36 in. deep, 84 in. high 
|and lengths of 6,7, 8 and 10 ft. Hood 
is accessible from either front or rear. 

—-S. Blickman, Inc., 8400 Gregory 


| Ave., Weehawken, N. J. 


High-Temperature Microscope 


High-temperature microscope (above) 
studies and photographs metallurgical 
samples at high temperatures and in 
high vacuum. Rare-metal heating ele- 
ments, located inside microscope-top- 
ping chamber, receive up to 600 w and 
reach temperatures up to 1,600° C. 
Cooling from 1,600° C to 200° C can 
take up to 700 sec or, by passing gas 
into chamber, requires less than 80 sec. 
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C. Reichert Optische Werke, Hern- 
hauptstrasse 219, Vienna, Austria. 
U.S. Distributor: Wm. J. Hacker & Co. 
Inc., P. O. Box 646, West Caldwell, 
N. J. 


Cesium Irradiator 


Cesium irradiator has average radiation 


intensity of 50,000 r/hr from 100-curie | 


Cr source Irradiation chamber ac- 

cepts samples up to 34 in. dia and 334 

Leakage radiation is <5 | 

| ft. Turret loading method | 

permits access to sample container 

without exposing source.—Victoreen 

Instrument Co., 5806 Hough Ave., 
Cleveland 3, Ohio. 


5-Oz Geiger Counter 


Five-ounce transistor Geiger counter 
emits violent crackle at 1 mr/hr, 
150-eps buzz at 10 mr/hr and 500-ceps 
whine at 100 mr/hr. Instrument is 
sensitive to 0.1-2-Mev gamma radia- 
tion.—Gelman Instrument Co., Chel 


featuring five-digit di- 

nsfer-tube readout and 

100-1 ,600-v high-voltage power supply 
is heart of G-M counting system 
above Included in system are verti- 
halogen-quenched end- 

or, precision timer, 4-ft 

uranium glass test 

I idiation Counter Labs., 
5121 W ove St., Skokie, IIl. 


Thin- Window Flow Counter 


idow flow counter has operat- 

2,800 v for a-proportional 

nd 4,000 v for 8-proportional 

Average plateau slopes are 

% per 100 v Counting chamber has 

1.0-mil wire-loop anode covered with 

aluminum-coated Mylar window; total 

thickness is <1.0 mg/cm?.—Victoreen 

Instrume! o., 5806 Hough Ave., 
Clev 


400-Channel Analyzer 


$00-channel transistor analyzer in- 
corporates memory subgrouping, ex- 
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= NEW T/A ALPHA HAND MONITOR 

















e Completely automatic monitoring. 
e Safe, error-proof, and easy-to-use. 

e Wide range of warning levels. 

e Positive warning of incomplete check. 


Model AHM-11 uses the reliability of scintillation counting to solve the prob- 
lem of monitoring hands for alpha contamination. High humidity areas can 
utilize this itor with absolute confidence. The instrument provides com- 
pletely automatic detection and measurement of alpha contamination on the 
back and palm of each hand. No skill is required in its operation. The user 
simply follows the instructions on the illuminated multi-colored panels at the 
top of the monitor. The Model AHM-11 has a wide range of scaling factors 
and counting times, which allows the health physicist exceptional flexibility 
in establishing permissible levels. 





Write for Bulletin No. 175 


ae Ao 


MODEL HSM-10 provides completely automatic detection 
and measurement of beta-gamma contamination on 
the back and palm of each hand and the bottom 
surfaces of both shoes. Like the Model AHM-11, the 
instrument features illuminated instruction panels for 
ease of use. It offers a wide range of warning levels 
and provides a positive warning of incomplete 

check. Included as standard equipment is an 

external clothing probe. 


Write for Bulletin No. 167 


TECHNICAL ASSOCIATES 


140 WEST PROVIDENCIA AVENUE * BURBANK, CALIFORNIA 





Gaertner Precision Optical Bench Assembly 


= 


The Precision Optical Bench is a versa- 
tile measuring instrument consisting of 
a lathe-bed-type base, light source, col- 
limator with interchangeable filters and 
targets, nodal slide and microscope with 
three - dimensional adjustment. Focal 
lengths, resolving power and the vari- 
ous aberrations of optical parts and 
systems can be measured. 

The several components can be used 
independently for special test setups, 
mock-ups and experimental instrumen- 
tation — providing linear and angular 
motions and measurements, alignment 
and stable support. 


Useful in checking optics and for experimental instrumentation setups 


Double and single rod benches and 
a large selection of carriages, holders 
and supports provide a complete selec- 
tion from which to choose. 

Gaertner offers a wide range of opti- 
cal and measuring instruments, includ- 
ing special modifications, design and 
manufacture of special instruments and 
optical systems, and manufacture of 
subassemblies and instruments from 
customer sketches and drawings. 


Send for bulletin 156-59 


GaertMe! 25 worm. 


SCIENTIFIC CORPORATION Chicage 14, BU 1-5335 


GLC GRAPHITE SERVES 
UCLEAR REQUIREMENTS 


eee 
Sota 


pstt 


THROUGHOUT THE WORLD 


The uniformly high quality of GLC graphite for 
nuclear applications has been proved out in ther- 
mal columns and reflectors in operation through- 
out the world, as well as sub-critical assemblies 
installed in Universities in the United States. 


We are equipped and staffed to supply superior 
graphite promptly and economically for nuclear 
applications of all kinds. Our facilities for expe- 


400°C, 


ssectaooe ¢ 


excellent. 


diting both domestic and overseas shipments are 


You may find it advantageous to extend to us 


~~ 
Orvisiom Ry 


© 
Scan 18 


the opportunity of quoting on your nuclear graph- 
ite requirements. 


GREAT LAKES CARBON CORPORATION 





168 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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ternal programming, add-subtract logic, 
coded decimal storage, spectrum trans- 
fer circuit, coincidence-anticoincidence 
circuits 
subtraction. 


and automatic background 
10° counts 
| per channel, and linearity is 0.5% of 
| full scale.—Radiation Instrument De- 
| velopment Lab., Inc., 5737 S. Halsted 


St., Chicago 21, IIl. 





Capacity is 


Chromatogram Scanner 

Transistor chromatogram scanner 
(above) has single valve for control of 
counting gas to both detectors. Upper 


and lower chamber can scan chromato- 


gram separately or together, or instru- 
ment can be operated with auxiliary 
equipment external to it. Texas In- 
struments Recti-Riter recorder is used. 
Gas flow and system power shut off 
of 
Transistor counting-rate me- 


end scanning 


ter has 4 time constants and 7 counting 


ranges.—Vangard Instrument Co., 


| P. O. Box 244, La Grange, IIl. 


| 256-Channel Analyzer 


| formed automatically. 
| Counter Labs., 





Model 20613, 256-channel analyzer fea- 
tures preselected automatic program- 
ming, magnetic-tape auxiliary memory, 
single-push-button manual operation 
and six modes of readout. Desired 
analyzer cycle can be preprogrammed 
functional patch- 


Specified operations are per- 


on programming 
board. 
tadiation 
Inc., uF 


512] Grove 


St., Skokie, III 


Scaler-Timer Combination 


Sealer and timer 
combination permits data print-out in 
many flexible modes. Fifteen preset 
count settings from 10 to 5 X 105 
counts and 15 preset time settings from 


1 to 5 X 104 sec are offered. Any of 
June, 1960 - NUCLEONICS 


crystal-controlled 








time or count settings can be used 
simultaneously, and system stops when 
the first preset event occurs; both scaler 
“staircase ’’ outputs 


printer. 


and timer provide 
for operation of a digital 
System can recycle automatically.— 
Hamner Electronics Co., Inc., P. O. 
Box 531, Princeton, N. J. 


Pulse-Sampling System 


Pulse-sampling system has sampling 
plug-in unit that can investigate rise- 
times to ~0.6 
600 Me). 


to one nsec 


nsec 


can be provided. 


times can be 1, 2, 5 and 10 nsec/cm 


and 50, 100, 200 and 500 samples per 
display can be taken. System includes 
general purpose medium and low speed 
service, trigger takeoff and pulse gener- 
ator with repitition rate of 720 pulses 
ind risetime <0.25 nsec. 


r 2 sox SSI, 


sec nominally 
Tektronix, In 


Portland 7, Ore. 


High-Speed Oscilloscope 


Traveling wave, defle« tion-type oscillo- 


displays both single transient 


a Ope 


and repetitive phenomena using six 
p speeds from 5 musec 
in the 
condition. Bandwidth is rated as d-c 
to 2 * 10° Me and usable to 3 X 10°. 
Display area can be from 


1.5 em 


calibrated swe 


to 3 x 10 unmagnified 


mpeset 


varied 
1 X 1.5 em at 20 kv to ~3 X 
Kgerton, Germeshausen & 
160 Brookline Ave., Boston. 


; 
; 
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Nuclear Instruments 


Dust monitor above) 


transistor counting-rate meters is one of 


featuring 2 


part of line of nuclear instruments avail- 


able. Alpha-scintillator probe and 
G-M tube for beta and gamma meas- 
urement and a two-point recorder are 
Other 


able include transistor log and linear 


employed. instruments avail- 


counting-rate meters, transistor scaler, 
survey meter and various probes. 
Kobe Kogyo Corp., Kyoto, Japan. 
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RELIABILITY... 


sums up 


THE RCA“PREMIUM” TUBE STORY 


For maximum reliability in critical “small-tube” applica- 
tions, always use RCA “Premium” Tubes. These premium- 
quality tubes are engineered and rigorously tested to meet 
stringent military and industrial requirements. Extremely 
tight quality controls are maintained in the selection of 
parts and materials, and in the manufacturing process it- 
self. The net result is to minimize early-hour failures and 
insure reliability. RCA “Premium” Tubes pay for them- 
selves many times in added hours of uninterrupted service. 


For a complete list of RCA “Premium” Tubes and for 
prompt service and fast delivery of any type you may need... 


CALL YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR 


RADIO CORPORATION OF AMERICA 


Electron Tube Division Harrison, N. J. 
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600,000 
amperes 
help 
Wlatless 
H-power 


At the historic Geneva Atoms-For-Peace 
Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 
with a 600,000-ampere thunderbolt. 
Surrounding the heart of this thermonu- 
clear machine is a bank of low-inductance, 
energy-storage capacitors...each rated at 
100,000 volts, each capable of a 20,000 
megawatt peak surge. 

This unique installation, like others of its 
type, is the result of long experience in 


CDE 


AFFILIATES witrH FEeoe 


R 


Capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
Capacitors, racks, interconnecting lines, 
protective devices and charging power 
supply. 


For further technical information, write 
for Bulletin No. 191 to Cornell-Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRIC CORPORATION 


A PA F E E TR COMPANY 


LITERATURE AVAILABLE 


Bulletin 989, 8 pp.; 
In Pfaudler 
N.Y 


Glass-steel pipe. 
Pfaudler Permutit 
Div., Rochester 3 


lab equipment. 
pp Hamilton 


Two 


research 
229, 160 
Manufacturing Co., 
Wisc. 


Industrial 
Catalog 


tivers, 


Halogen-sensitive leak detectors. 
GET-2936, 6 pp.; General Electric 
Co., Instrument Dept., Lynn, Mass. 

Optical and instrument benches. Bul- 

letin 156-59, 24 pp.; Gaertner Scien- 

tific Corp., 1201 Wrightwood Ave., 

Chicago 14, Il. 


neral Transis- 


Place, Ja- 


Tunnel diode. 
tor Corp., 91-27 
maica 35, N. Y. 


2 pp. ; Ge 


138th 


Thermistors and varistors. 
Victory Engineering Corp 


field Rd., Union, N. J 


10 pp.; 


Spring- 


125-Ohm_ connectors. 
tronic Components Corp. 


ee 2 


Ppp.; Elee- 
Yonkers, 


Sliding-gate pressure regulators. 
Bulletin JNP-5, 2 pp.; OPW Jordon 
Corp., 6013 Wiehe Rd 
13, Ohio. 


Cincinnati 


Remote controls for valves. Data 
Sheet VR-6, 1 p.; Vacuum Research 
Co., 420 Market St 
11, Calif. 


San Francisco 


43 pp.; Har- 
1945 E. 97th 


Scintillation phosphors. 
shaw Chemical Co 
St., Cleveland 6, Ohio. 


Fine-particle membrane filter. Man- 
ual #3, 10 pp.; Gelman Instrument 
Co., 106 N. Main St., Chelsea, Mich. 

Stainless-steel tubing. Catalog 10, 

11 pp.; Posen & Kline Tube Co., Inc., 

Box 549, Norristown, Penna. 

Standby electric plants. 8 pp.; D. W. 
Onan & Sons, Inc., 3781 University 
Ave., 8. E., Minneapolis 14, Minn. 


Materials for advanced technology. 
8 pp.; The Carborundum Co., Dept. 
B.M.D., Niagara Falls, N. Y. 


Mass-spectrometer-type leak detec- 
Information for users; Bulle- 
4 pp.; Consolidated Elec- 


June, 1960 - NUCLEONICS 


tors. 
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trodynamics Corp., 360 Sierra Madre 
Pasadena, Calif, 


Voltage regulated power supplies. 
Catalog B-601, 21 pp.; Kepco Inc., 
131-38 Sanford Ave., Flushing 55, 


a 


Education kits and instrumentation. 
S pp. Atomi Accessories Ince., 
811 W. Merrick Rd., Valley Stream, 
N. 2. 


Proportional counting systems. 16 pp., 

Precision laboratory survey meters. 
4 pp.; Nuclear Measurements Corp., 
2460 N. Arlington Ave., Indianapolis 
18, Ind, 

Laboratory monitor. 2 pp.; 

Remote area monitoring systems. 
2 pp.; Victoreen Instrument Co., 


= i 


5806 Hough Ave., Cleveland 3, 


Ohio. 


Radiation detection devices. 4 pp.; 
Gelman Instrument Co., Chelsea, 
Mich. 


Acompletefilm-badgeservice. 4pp.; 

Surgical probe scintillation counters. 
4 pp.; Nuclear-Chicago Corp., 333 E. 
Howard Ave., Des Plaines, IIl. 


Low-cost basic medical uptake system. 
2 pp.; Atomic Accessories Inc., 811 
W. Merrick Rd., Valley Stream, 
ie # 


Filmbadge service. 4 pp.; St. John 
X-Ray Laboratory, Califon, N. J. 


Universal counting shield. Instru- 
& Development Products Co., 
355 W 109th Place. Chicago, 


Radioactivity at work—sustained re- 
lease. 6 pp.; Nuclear Science and 
Engineering Corp., P. O. Box 10901, 


Pittsburgh 36, Penna. 


What is radiation? One of a series. 
+ pp R.S. Landauer Jr. & Co., 3926 
216 St., Matteson, Ill. 


Solid state parallel digital computer. 
+ pp.; General Mills, Inc., Mechani- 
eal Di 1620 Central Ave., Minne- 
apolis 13 Minn 


Transistor value automatic computer. | 
} pp.; Industro Transistor Corp., | 


35-10 36th Ave., Long Island City 
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an effective material 
for neutron shielding 


Boral is a uniform dispersion of boron carbide crystals in aluminum. Its 
high boron carbide content (up to 50%) enables it to absorb thermal 
neutrons without the production of hard gamma rays. In the form of 
Boral Plate (a core of Boral clad on two sides with commercially pure 
aluminum) it is highly effective as a neutron shielding material. 

By following recommended design and fabricating practices, Boral 
Plate can be worked to meet the requirements of a wide range of shielding 
applications. It can be drilled, tapped, punched, sawed, sheared, formed, 
and welded. The accompanying sketches show typical designs and as- 
sembly methods. 

Boral Plate is available in thicknesses of 4%" to 34", and standard 
sheets of 30” x 48”, 15” x 96", and 15” x 48”. Approximate weight of 4” 
(35% B,C) Boral Plate is 3.4 pounds. 


Shut-down Control Rod for Reactors 


Assembly of this unit is made by inert 
as arc welding. As shown, all edges of 
3oral Plate should be clad. The center 
bar is tapped to receive the threaded rod. 


Storage Cells for Fresh Fuel 


Cells are usually used in assemblies of 
several fuel units, encased in aluminum 
or stainless steel cylinders. The Boral 
shapes should have corner radii of #4"; 
length can be up to 12 feet. Assembly 
is by means of rivets or Huck bolts. 


Water-cooled Boral-lined Case 
for Spent Fuel Elements 


This Boral-lined aluminum case with 
egg-crate type separators for the 
transportation and storage of spent 
fuel units, is assembled from Boral 
Plate by are welding; no forming 
operations are involved. 


Typical and Potential Applications 


Reactor shields, neutron curtains, shutters for thermal 
curtains, safety rods, storage and shipping containers for 
fissionable material, fabricated boxes for radiation-sensitve 
devices, protective shields for easily activated components. 


Brooks & Perkins, the first commercial producer of Boral, 
invites you to send for technical data and literature. 60-T-4 


=ji tele) ¢€—-m. a a4 3.1.41, bmi, [on 


1926 W. FORT STREET . DETROIT 16 MICHIGAN 
Offices in Washington and New York 





~ 
WEED 


eto —_—_—eo OC, 


a N 


» 
4 


now means top quality rare earth 
and related products for 

e ELECTRONICS 

e NUCLEAR ENERGY 

e@ METALLURGY 


| How can these help your produc- 
tion and R&D efforts— 


| C1 CERIUM CHEMICALS 


—— oe ow oe oe eo, 


o 
= 


MAGNESIUM 
MASTER ALLOY 
CO SCANDIUM 
CHEMICALS 
C) GADOLINIUM OXIDE 
© EUROPIUM OXIDE 
Co YTTRIUM PRODUCTS 
© ORGANIC - SOLUBLE 
RARE EARTHS 
C) RARE EARTH- 
MAGNESIUM ALLOYS 
THORIA 


| For further information, check 
| items of interest, and clip this ad. 
If you’d like industry’s newest tech- 
nical brochure on rare earth metals, 
chemicals and alloys, check here |_| 


L 























City and State 





CLIP THIS AD and SEND TO: 
DEPT. 25 


VITRO CHEMICAL COMPANY 


UBSIDIARY OF VITRO CORPORATION OF AMERICA 
342 MADISON AVENUE 
NEW YORK 17, NEW YORK 


ee ee ee a a ees ee oe 


| 
| 
L 
t 
| 
| 
| 
| 
1 
t 
| 
| 


| projects 
| AEC’s 


NEWSMAKERS 


Arthur R. Matheson has left Sylvania- 
Corning Nuclear, where he was reproc- 
essing manager, to join Spencer Chemi- 
cal Co. as sales manager, Nuclear Fuels 
dept. 


New state atomic-energy coordinators: 
Ohio, Buford Ruhl, formerly coordinator 
in Florida; Florida, Karl R. Allen of the 
Florida Development Commission; and 
Connecticut, Arthur V. Peterson, 
has been named executive coordinator 


who 


to work with the several state agencies 
active in the field (these include Henry 
M. Marx, who has a separate post as 
the 

atomk 


Governor’s advisory 
and the 
State’s Development Commission). 


coordinator; 


committee on energy; 


William S. Farmer has been selected 
head of a department at Allis- 
Chalmers Nuclear 
Power dept. (Wash- 
ington)—the Plan- 
ning dept. Farmer 


new 


has been succeeded 
manager of the 
Elk River project 
by Joseph H. 
Blachly. The 
Planning dept. will 
for 
the development of new reactor designs, 


as 


new 


Farmer ; 
be responsible 


evaluation of reactor types and im- 
provement of existing designs. 


A noted physicist, H. R. Nelson of 
Battelle Memorial Institute, died early 
n April after suffering head injuries in 
off Saint Lucia 
Indies. 
Department of 
he was a mem- 


a boating accident 

Island, British West 
was manager of the 
Physics. At his death, 
AEC’s Advisory Committee 
Isotopes and Radiation and chairman 
of the Ohio Atomic 


tee; he was 


Nelson 


ber of on 
Advisory Commit- 
55 years old. 
John McMahon, a key in the 
atomic-energy program at the National 

Industrial Confer- 
Board, has 
joined AMF 


Atomics at Green- 


man 


ence 


wich, Conn., as 
manager of market- 
ing research. At 
NICB, MeMahon 
handled one of the 


most interesting 


McMahon 
isotope-research 
thus far 
Isotope Development Program: 


a study which estimated that industry 


conducted under 


ps We 


70 experts give you 
the practical facts 
for industrial and other 


uses of 
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NUCLEAR 

ENERGY 
'N 
we 


RS 
Nuclear theory, 
engineering 
principles, 
and techniques 
now made 
quickly available 
in one 
comprehensive 
volume 


“a 


at 


ow nuc lear enginecring is comprehensively 
covered in standard handbook form and at a 
level for engineers interested in indus- 
trial and other useful applications of nuclear 
energy. In this handbook you'll find nuclear 
theory, nuclear principles, and techniques, and a 
good deal of helpful reference material presented 
with thoroughness, detail, and dependability 


NUCLEAR 
ENGINEERING 
HANDBOOK 


H. Etherington 
Editor-in-Chief 
Atomic Energy Division 
Allis-Chalmers Manufac- 

turing Co 
1870 pp., 
Presents 4 


N 


practical 





14 Sections 
Cover: 


® Mathematical 
data and gen- 
eral tables 


Nuclear data 
Mathematics 
Nuclear 


706 $25 physics 


Major cate- 
gories of information 
basic data used in nu- 
clear enginecring par- 
ticularly reactor engi- 
neering formulas 
and methods of calcula- 
tions used in reactor de- 
sign as other 
phases discussions 
of the present state of 
the technology and 
condensed descriptive re- 
views of nuclear theory 
and engineering prin- 
ciples. Each contributor 
a specialist in his par- 
ticular area presents 
material at a_ practical 
level for the benefit of 
engineers Reactor en- 
ginecring is 
he resulting handbook 
strikes a valance be- 
tween a strict compila- 
tion of data and a cyclo- 
pedia of nuclear engi- 
neering 


illus 
Experimental 
techniques 
Reactor 
physics 
Radiation and 
radiological 
protection 
Control of 
reactors 


well as 


Fluid and heat 
cow 
Reactor mate- 
rials 
Chemistry and 
chemical engi- 
neering 
Nuclear power 
and plant selec- 
tion 
Mechanical de- 
sign and opera- 
tion of reactors 


stressed 


Isotopes 
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is saving at least $40-million annually 
with isotopes. 


Tracerlab’s George Manov, of the 
Western div., has joined the National 
Aeronautics and Space Aduinistration 


as assistant director for technical ex- | 


hibits in the Office of the United Na- 
tions Conference. 


Ralph Cariisle Smith, formerly assistant 
to the president of ACF Industries, has 
been named direc- 
tor of plans and 
programs for Lytle 
Corp., Albuquer- 
que, N. M. Lytle 
publishes classified 
documents for 
several contractors, 
including AEC. 
Smith had been sta- 
tioned with ACF’s 
Nuclear Products-Erco div., Washing- 
ton, D. C., and before joining ACF in 
1957 had spent 14 years at Los Alamos 
Scientific Laboratory. 


Director General Cornelis Jan Bakker | 
of CERN (European Nuclear Research | 
Organization) was killed Apr. 23 when | 
a light plane in which he was riding fell | 


into Raritan Bay, New Jersey. He 
had been in the U. 8. only an hour. 


Fred A. Hollenbach has been named 
project manager for the boiling-water 
reactor which Con- 
sumers Power Co. 
of Michigan has 
ordered from Gen- 
eral Electric. Hol- 
lenbach will also 
continue as acting 
manager of Com- 
monwealth Edi- 


Hollenbach ect. The 50-Mwe 


Consumers reactor is scheduled for 
operation in 1962. 


Australia’s George Clifford James 
Dalton has been appointed director of 
the Lucas Heights Research Establish- 
ment of the Atomic Energy Commis- 
sion. He was formerly the Commis- 
sion’s chief engineer and deputy chief 
| scientist. 


Personnel changes at AEC installa- 


tions: James J. Wise has been named | 


assistant manager for administration, 
Savannah River Operations Office; 
| A. Y. Morgan has succeeded him as 
| director, Budget and Finance div.; at 
'Oak Ridge Operations, Louis M. 
Groeniger has resigned as director, 


son’s Dresden proj- | 
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search 
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curs, the product 
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years Wall Tube’s 
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the most exacting tests 
Seamless and welded 
stainless steel tubing 
of the highest quality 
is the Wall Tube 
standard. 

Our representatives 


critical 


For 


are anxious to dem- 
onstrate the reliable 
Wall tubing line 
Investigate this 

vital new 
source 
today! 


RANGE OF 
MANUFACTURE 
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TENNESSEE 
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NEWSMAKERS 


De partment starts on page 158 


Organization and Personnel div., to 
accept an industry post in Iran; he was 
succeeded by Will Hay, former deputy 
: also at Oak Ridge, Charles G. 


Sonnen has left his 


director 
post as deputy 
for construction and 
AEC headquarters 
issistant 


assistant Manage! 
engineering to join 
as assistant to tl director, 
Division of Construction and Supply; 
at Idaho Operations, James Stavast 
hief of the Audit 
ceeding Charles B. Water- 


man, who transferred to San Francisco 


has been appointed 
branch, suc 
Operations; at Albuquerque 
tions, Rudolph Hoglund has been named 
contract the Contracts 
div.; Homer E. Menker has been named 
Analytical div., AEC Health 
Laboratory New York 


Opera- 
coordinator in 


dire ctor. 
and Safety 


City 


Raymond S. Stewart, senior 
eer at M & ( 

to Washington, D. ( 

of Texas Instruments 


firm. 


project 
Nuclear, has moved 
is representative 
M & C’s parent 


Award will he 


The Atoms for Pt 
shared by Eugene P. Wigner of Prince- 
ton Univ. and Leo Szilard of the Univ. 
of Chicago for and by Alvin 
Weinberg, director of Oak Ridge Na- 
tional Laboratory, and Walter H. Zinn, 
1960. 


1959 


Combustion Engine for 
The award was suggested by President 
Eisenhower and established by Ford 
Motor C ) recognize contributions 


to peaceful 


ering, 


itom nergy. 


y 


A former Nuclear Develop- 
Corp. of America, Joseph De 
Felice, has left 
NDA to 
vn firm 


staffer at 


ment 


form his 
Nuclear 
Technology Corp., 
New York City. 
NTC will offer ad- 
ory services in 
phases of nu- 
de- 


n and evaluation 


analysis, 


cluding reactor 
ind fluid flow, 
onomics and reac- 
NDA, De Felic: 


minary Design 


inted A. R. Del- 

W. E. Johnson, di- 

cts, Atomi 

P. G. DeHuff has 


Carolinas-Virginia 


Power dept. 
been named 
manager oO t 

water reactor 


} 7% 
nea - 
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@ Ralph F. Lumb, director of the West- 
ern New York Nuclear Research Cen- 
ter, Buffalo, reported last month that 
the center was more than 60% com- 
plet ‘that it will be 100% complete by 
October; that it will begin partial oper- 
ation in July; and that it will be fully 
operative by early next year. 

@ New York’s Office of Isotope Devel- 
opment has contracted with the Buffalo 
Center to conduct a 10-month educa- 
tional program on “Isotopes in Indus- 
try.” The schedule 4-6 


one-day conferences for industry at 


center will 


major manufacturing centers through- 
state (the Buffalo in 
more importantly—in 
terms of an is the fact 
that the center will provide additional 
help to firms indicating a special inter- 


out the first in 
June); possibly 


f ffective job 


est in Isotopes at the one-day meetings. 


CAMPUS FACILITIES. A $180,000 
neutron velocity spectrometer tunnel 
will be ready at Columbia Univ.'s Nevis 
Cyclotron Laboratory in July. The 
600-ft tunne Nevis to make 
better use of neutrons produced by its 
385- Mer A $430,000 lab is 
.. The Univ. 


( ompletion ol 


will allow 


ciotron 
also under construction 

of Minnesota is nearing 
the world’s first polarized proton linear 
accelerator, converting its AEC-owned 
linac to produce a beam of polarized 
. the Univ. of Michigan 


a campaign for 


protons 

has been conducting 
installation of a me¢ dium-energy cyclo- 
10-Mev; 


llion to build it would have to be 


tron olf up to the necessary 
$1.8-m 
provided by AEC, with Michigan ask- 
legislature for funds to 
North Carolina State's 
second reactor—a 10-kw unit capable 
of upsizing to 100 kw 
last month: it was designed and built 
by Nucledyne div., Cook Electric Co. 


ing the state 


house it 


went critical 


COURSES. 


mid-western college 


In September, the first 
students under an 
experimental program at Argonne Na- 
tional Laboratory will report for half- 
time assignment at Argonne’s three 
the students 


simultaneous academic instruc- 


major research divisions; 
will get 
tion from faculty members of the same 
group of 
of the Mid-West 
the Argonne 
The Danish Atomi 


mission is offering a summer course in 


colleges (Associated Colleges 
. who will also be as- 
signed t« divisions. 


Energy Com- 


plasma physics at its Riso Research 
Establishment, Aug. 1-12. 
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3) center and client personnel form a team to work 
together in computer programming, operation and 
analysis of the results of the problem. 

Land-Air, Inc. has computer programming and opera- 
tion experience dating back to 1949, at which time the 
monitoring and measuring of missile performance at 
Pt. Mugu, California was contracted to Land-Air. Since 
that time, our staff engineers have participated in the 
solution of a wide variety of problems in many different 
types of industry. This experience is available to clients 
who do not have computing equipment available, who 
wish to gain experience with computing equipment, or 
who require additional personnel or computer time to 
supplement their own facilities. In all cases, it is the 
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| INDUSTRY NOTES 


TF] E ; : res @ Biggest industry news in the non- 
reactor area of the business is that the 
| radiation-instrument companies con- 
ie ae tinue to report rising sales and profits 
: § ee (see Financial, p. 163). In few cases 
(i Wits aOR oe Xe have recent financial reports been ad- 
ae 4 ry if verse and, in most cases, the outlook is 
: oe | for higher sales and earnings. 


@AEC is nearing completion of its 
effort to declassify certain information 
developed under the Aircraft Nuclear 
Program (NU, Dec. ’59, 27). Reports 
in two major areas—metallurgy and 
the series of High Temperature Reactor 
Experiments—have been reviewed and 
“‘downgraded”’ by AEC’s declassifica- 
tion people. But such reports will 
not be released until AEC has also re- 
vised its classification guide. 


True economy begins with reliability | @ Curtiss-Wright, which is now com- 
—all Anton neutron detectors pass | pleting design of a 1-million-curie 


the “inside” quality test | cobalt-60 source for the Army Quarter- 
|master Corp’s Food Irradiation Pro- 


| gram, is expected to continue as prime 
contractor for the irradiator right 
through to completion. There had 
been some thought of going out on 
bids for a contractor after completion 
of C-W’s design work. 


| @ First annual meeting of the Institute 
| of Nuclear Materials Management, 
| Columbus, Ohio, June 20-23, has devel- 
| oped into a major industry meeting on 
| fissionable material. INMM expects 

300 attendees for the technical sessions 
| and has also scheduled an equipment 
|exhibit for manufacturers of instru- 

ments, meters, data processing equip- 
| ment, materials producers, etc. 


| @ National Carbon Co. has established 
|a Nuclear Applications section in its 
Industrial Carbon Marketing dept.; 
/section manager is P. J. Hastings. 
| This and two other new sections 

| Mechanical Applications and Electrical 


ANTON ELECTRONIC LABORATORIES, INC., 1226 Flushing Avenue, Brooklyn 37, N. Y. 'and Metallurgical Applications—to 


Send for FREE Neutron Detector Catalog NOW. | facilitate the handling of the expand- 
|ing volume of business in industrial 


| . ‘7 
carbon and graphite” were created. 


@ AEC has released its current price 
schedule for Boron-10 materials en- 
riched up to 92% in the isotope B-10. 
| Orders should be sent to: Lockland 
Aircraft Reactors Operations Office, 
P. O. Box 23, Lockland Branch, Cin- 
cinnati 15, Ohio (Attn. J. L. Neal). 
(Continued on p. 163) 
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@ Biochemical Procedures, North 
Hollywood, Calif., has entered the nu- 
clear field for analysis of filter media, 
soil samples, water, feces, sputum, 
breath, nose wipes, blood, swipes from 
suspected contaminated areas, urine, 
etc. 


EXPANSIONS. Mallinckrodt Nu- 

clear Corp. is adding 3,200 sq ft to its 

nuclear fuels research facility, Hema- | 
tite, Mo., and is building an atomic 

fuels warehouse to replace space taken 

over for research and development; | 
total floor space at Hematite is now | 
40,000 sq ft, against 16,000 when the | 
plant was built in 1956. . . . Radiation | 
Applications, Inc., has moved into a | 
30,000-sq-ft building at 36-40—37th | 
St., Long Island City, L. I.; the move 
permits consolidation of all offices and | 
labs in one building. . . . Tapco Group 

of Thompson Ramo Wooldridge has | 
opened a new facility for the decontami- | 
nation of nuclear mechanisms and com- 

ponents ready for overhaul or rework- 

ing (pumps, valves, control-rod drive 

mechanisms, pressure-vessel heads, | 
etc.). Also of note, Tapco is delivering | 
its first complete control-rod drive sys- | 
tem to Martin Co. for PM-1, the small | 
Air Force reactor for Sundance, Wyo. | 
. . . Zirconium Corp. of America is 
adding 8,000 sq ft of manufacturing 
space ‘‘to meet a rapidly expanding 
demand” for high-temperature refrac- 
tory materials. 


FINANCIAL. A first quarter profit of | 
$9,100 was reported by Tracerlab— its 
first in more than a year. “If book- 
ings and shipments continue at the | 
current rate,” said President 8. 8. | 
Auchincloss, “there is every reason to 
expect a profitable year.” . . . Baird- | 
Atomic reported record sales ($6-million) 
and earnings (30 cents/share) for the | 


| six months ended March 31; backlog 
| was more than $4-million. . 


os VIO 
toreen reported a current annual sales 


| rate of $13 million a year, with a pre- 
| dicted rate of $20-million by year-end; 


59 sales were $7,776,761. . . . U. S. | 
Radium Corp. reported substantial | 
gains in both sales ($4,905,751) and 


earnings (70 cents/share) for ’59; com- | 


parable ’58 figures were $3,792,804 and | 
31 cents/share. . . . Nuclear-Chicago | 


| reported a substantial drop in earnings 
| for the six months ended Feb. 29—down | 
| to 22 cents/share, against 37 cents a year | 


earlier; however, the firm said February 
was a record month for shipments and 
that net profits were 10%-plus of 


sales. 


NEW! BENDIX 


200mr 


DOSIMETER 


& MEASURES INTEGRATED EXPOSURES 
TO X AND GAMMA RAYS 


%& APPROVED FOR MATCHING FUND 
PROCUREMENT BY OCDM 





Product of famous Bendix precision 
craftsmanship, this 200mr Dosimeter 
offers the utmost quality and reli- 
ability. Weighs less than 114 ounces. 
Only 44%" long and '%:" in diameter. 
Highly shock resistant. Write THE 
BENDIX CORPORATION, Dept. F5, 3130 
Wasson Road, Cincinnati 8, Ohio. 


Cincinnati Division 


P For internal \ 
visual inspection 
/ from a few inches to 
85 feet in length 
Wide field of view 
Interchangeable heads 
for varying angle 
of view 
Standard models for 
most inspections 
Special designs 
readily fabricated 

\ as 


7 


Describe your 
problem fully. Give 
diameter, length, 
irregularities and 
other particulars. 
Drawings helpful. 


LENOX Instrument Co. 


2011 Chancellor Street * Phila. 3, Pa. 
Phone: LOcust 8-6611 
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POWER REACTORS 
DESIGN and DEVELOPMENT 


Combustion Engineering's Nuclear Division is expanding its 
activities in the design and development of high performance 
pressurized and boiling water nuclear power reactor systems 
for commercial and military applications. 

Staff positions are now available to qualified nuclear, me- 
chanical, electrical and chemical engineers for work in the 
following areas. . . 

REACTOR PLANT ENGINEERING—Design, selection and eval- 
uation of power plant equipment and controls; studies of 
power plant cycles and economics; mechanical design and 
structural analysis. 

REACTOR ENGINEERING DESIGN—Thermal, hydraulic, and 
mechanical design of nuclear reactor cores including 
steady-state and dynamic analysis. 

NUCLEAR DESIGN AND ANALYSIS—Design of advanced 
reactor concepts and shielding employing high speed digital 
computers; analysis of nuclear fuel cycles. 


Located nine miles from the center of Hartford, Address inquiries to: 
Connecticut, the Nuclear Division is within short 
driving distance of some 50 smaller communities. 
Boston and New York City are only two and ©) Professional Recruiting 
one-half hours by car over four-lane divided 
expressways. Excellent housing and schools are a5 
available and New England's famous mountain = Combustion Engineering, Inc. 
and seashore areas are readily accessible. Windsor, Connecticut 


R. N. Killelea, Manager 


Nuclear Division 


NUCLEAR DIVISION 
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COMBUSTION 
ENGINEERING 
INC. 


WINDSOR, CONNECTICUT 


NUCLEAR CALENDAR 


June 5~9—World Power Conference on 
Solving Power Shortage Problems 
(Sectional Meeting), sponsored by 
International Executive Council of 
World Power Conference, Madrid, 
Spain. Contact D. José Pérez Pozu- 
alo, Spanish Natl. Committee, Gen- 
eral Pardinas, 55, Madrid. 


June 5-9—Semiannual meeting and avi- 
ation conference, American Society of 
Mechanical Engineers, Dallas (Statler- 
Hilton). On 9th, panel session on nu- 
clear engineering, including papers on 
fusion and Project Plowshare. Con- 
tact L. 8S. Dennegar, 29 W. 39 St., New 
York 18 


June 7-11—IAEA Symposium on Radi- 
ation Dosimetry, Vienna. Aug. 8-12 
—IAEA Symposium on Ionizing Radi- 
ation Effects on Seeds and Improve- 
ment of Crops, Karlsruhe, Germany. 
Sept. 6-17—IAEA Conference on 
tadioisotopes in Physical Sciences and 
Industry, Copenhagen. Sept. 20 
Oct. 7—IAEA Fourth General Con- 
ference, Vienna. 


June 12-15—Annual Meeting of Ameri- 
can Nuclear Society, Chicago (Palmer 
House). Contact Octave J. Du- 
Temple, 86 E. Randolph St., Chic. 1. 


June 15-29—International Congress and 
Exhibition on Electronics, Nuclear 
Energy and Cinematography, Rome 
(Palazzo dei Congressi). Contact 
Evandro Benvenuti, Via della Scrofa, 
14, Rome. 


June 16-18—5th Annual Symposium of 
American Scientific Glassblowers So- 
ciety, Pittsburgh, Pa. (Penn-Sheraton) 
Session on glass apparatus for radio- 
isotopes and radiology. Contact W. 
E. Barr, Gulf Research & Develop- 
ment Co., P. O. Box 2038, Pittsburgh 
30, Pa. 


June 20-21—First Annual Meeting of 
Institute of Nuclear Materials Man- 
agement, Columbus, Ohio (Neil House) 
AEC is holding its Annual Materials 
Management Meeting at same loca- 
tion June 23-25. Contact Harley L 
Toy, Battelle Memorial Institute, 
Columbus 


June 20-26—Congress on Nuclear En- 
ergy, sponsored by Italy’s Comitato 
Nazionale per le Ricerche Nucleari 
(CNRN), Rome. Contact C. M. C. 
Office, CNRN, Via Belisario 15, 


tome. 


June 29-July 1—Annual meeting, Health 
Physics Society, Boston (Statler-Hil- 
ton). Contact E. B. Anderson, Oak 
tidge Natl Lab, Oak Ridge, Tenn. 


July 21-27—3rd International Conference 
on Medical Electronics, London. 
Contact Secretary, Institution of 
Electrical Engineers, Savoy Place, 
London W. C. 2, England, or Lee B. 
Lusted, Dept. of Radiology, Univ. of 
Rochester School of Medicine, Roch- 
ester 20, N. Y. 


June, 1960 - NUCLEONICS 





Aug. 11—AEC information meeting on 
small reactors, Oak Ridge. Contact 
R. A. Charpie, ORNL, Box 4, Oak 
Ridge. 


Yi ” yy On May 18, 1960, in a ceremony at the 


Aug. 29-31—U. 8. Public Health Service 
Symposium on Water Quality Meas- 
urement and Instrumentation, Cin- 
cinnati, Ohio (Sanitary Engineering 

Emphasis on automatic in- 

strumentation. Contact Director, 

tobert A. Taft Sanitary Engineering 

Center, 4676 Columbia Pkwy., 

Cincinnati 26. 


National Academy of Sciences, the first of the newly 


Center 


established ATOMS FOR PEACE awards were pre- 
sented. Two of the four pioneers in nuclear reactors 


so honored were EUGENE P. WIGNER and 


Sept. 13-15—Fifth International Instru- 
ments and Measurements Conference, 
including section on nuclear instru- 
mentation, and an exhibition of com- 
mercial instrumentation, Stockholm. 
Contact H. von Koch, Royal Institute 
of Technology, Stockholm 70, Sweden. 


ALVIN M. WEINBERG, co-authors of THE 


PHYSICAL THEORY OF NEUTRON CHAIN RE- 


Aug. 15-17 


(rgank 


International Conference on 
Scintillation Detectors, 
SOT d DY I niy oT Ne W 
Albuquerque, 


review 
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Comments on THE PHYSICAL THEORY 


OF NEUTRON CHAIN REACTORS 


Physics Today: “Will serve as the basis 
for a scholarly tradition in reactor 
theory.” 

Nueleonies: “‘*Wigner’s Group’ has long 
since become a legend in reactor circles 


Table of Contents 
1. Principal Concepts of Reactor 
Theory and the Uses of Reactors 


2. General Description of Nuclear Re- 
actions: The Cross-Section 
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5. Shell Structure of Nuclei and Giant 


. General 


Resonances 


. Neutron Chain Reactions 


Remarks about Diffusion 
Theory: Diffusion of Monoenergetic 


Neutrons 


. Transport Theory and Diffusion of 


Monoenergetic Neutrons 


. Energy Spectrum during Moderation 
. Diffusion and Thermalization of Fast 


Neutrons 


2. The Bare Homogeneous Reactor 


3. General Applications of Homo- 


geneous Reactor Theory 


. Applications to Specific Reactor 


Systems; Temperature Coeffi- 


cients 


. Non-uniform Reactors and the 


Chicago 37 


For many years we have been sus- 
tained by rumors that the experience of 
the group would be crystallized in an 
authoritative treatise on reactor theory. 
Our expectations have now been mag- 
nificently fulfilled by this book . 


American Scientist: “As was ‘. be ex- 
pected, this book is a classic in the field 
of reactor theory .. . can be strongly rec- 
ommended to those interested in the phys- 
ics of neutron chain reactors.” 


UNIVERSITY OF CHICAGO PRESS 


5750 Ellis Avenue 


, Illinois 


Theory of Reflectors 
5. Perturbation Theory 
. Reactor Kinetics 
. Heterogeneous Chain Reactors: 
The Therma! Utilization 
. Heterogeneous Chain Reactors: 
The Resonance Escape Prob- 
ability 
. Heterogeneous Chain Reactors: 
The Fast Effect 
. The Migration Area and Re- 
actor Design 
22. Reactor Control Statics 
xii plus | goes. Many charts, 
grophs, and illustrations. 
$15.00 





Please mail me a copy of THE PHYSICAL THEORY 
OF NEUTRON CHAIN REACTORS by Alyin M. Wein- 
berg and Eugene P. Wigner @ $15.00. 


Bill me. [} Check enclosed 


Name 


Address 


GUARANTEE: If for any reason you are not 
satisfied, you may return the book within 10 
days with no charge to you. Postage paid by 
publisher on prepaid orders. 
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EMPLOYMENT OPPORTUNITIES 
SE A 


Supervising 
Scientist 


for 


Nuclear 
Radiation 
Laboratory 


of 


REPUBLIC 
AVIATION 


The highly capable man we seek 
for this vital assignment must 
presently occupy a responsible 
supervisory position in charge 
of a significant nuclear radia- 
tion facility. He must possess 
the ability to direct scientific 
personnel and technicians in 
scheduling, setting up and run- 
ning complex nuclear experi- 
ments. A broad knowledge of 
hot cell and radiochemical lab- 
oratory operations; use of radio- 
active sources such as Cobalt 
60, reactors, and accelerators; 
and modern counting tech- 
niques is a prerequisite. 
A PhD in engineering or nu- 
clear physics is preferred, but 
applicants with equivalent ex- 
perience will be considered. An 
understanding of experimental 
requirements in a number of 
the following areas is desired: 
© ANP Shielding 
© ANP Propulsion: Turbojet, Rocket, 
Ramjet, Electric 
es dary Nucl Auxiliary 
Power Devices for Satellites & 
Space Vehicles 


© Radiochemistry Experiments 

® Radioisotope Usage 

© Nuclear Weapons Effects 

® Radiation Environments in Space 








Senior Staff Positions in the 
Above Fields Also Available 


Send inquiries to 
Mr. George R. Hickman 


Technical Employment 


Manager 
SIE PUIMLse AVIAFVow 
Farmingdale, Long Island, New York 
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Needed in the field of 
ATOMIC ENERGY 


As contract operator for the Atomic Energy 
Commission, the National Lead Company 
of Ohio utilizes the latest technical equip- 
ment and technology to produce uranium 
fuel elements for use in nuclear reactors. 


© METALLURGICAL ENGINEERS: 


B.S., M.S. and Ph.D. degrees, with Metals Industry experience in foun- 
dry or fabrication technology—heat treating—metallography—physical 
testing—metals process control. Positions may involve assisting, planning, 


executing development projects in uranium. 


© INDUSTRIAL HYGIENIST: 


B.S. or M.S. degree in Health Physics, 5 to 7 years’ experience in radiation 
and effluent control, planning projects and studies of conditions affecting 


the health of employees. 


Please send resumé of education, experience and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-101, 


Sead Company OF OHIO 


P.O. Box 158, Cincinnati 39, Ohio 





DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF 
STANDARDS 


Electronic Engineer. To direct the develop- 
ment, operation and maintenance of the 
instrumentation for the National Bureau of 
Standards’ electron accelerators; betatron, 
synchrotron, and high intensity linear ac- 
celerator. Familiarity with pulse circuitry 
necessary; experience with high energy 
accelerators and radio frequency power 
supplies desirable. 
Career Civil Service position—$8810 or 
$10,130, depending on experience. 
Apply i“ 
Dr. H. W. Kocu 
ae High Energy Radiation 
National Bureau of Standards 
Washington 25, Cc 











> HEALTH PHYSICIST 


> INSTRUMENT 
SPECIALIST 


to join the staff of 


NUCLEONICS 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 
330 West 42nd Street 
New York 36, New York 











ADDRESS BOX NO. REPLIES TO: Box No 
Classified Adv. Div. of this publication 
Send to office nearest you 
NEW YORK 36: P "0 BOX 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO 4: 68 Post St 


POSITIONS VACANT 


Electronic Engineer (Instrumentation) $7510 per 
annum to begin, at Walter Reed Army Institute of 
Research, the primary research facility for the Army 
Medical Service in advanced study of medical 
problems. Work consists of design and develop- 
ment of components for research equipment used 
in the detection, counting, recording of alpha, 
beta gamma radiations in humans and biological 
samples. Well equipped biomedical research lab- 
oratory with special interest in whole body count- 
ing. B.S. degree in engineering plus three years 
experience, one of which must have been in nu- 
cleonics. Will consider applicants with less experi- 
ence at entrance salary of $6285 per annum 
Positions are in career civil service. Travel and 
transportation of household goods allowances. 
Write Civilian Personnel Office Walter Reed Army 
Medical Center, Washington 12, D.C 


Biophysicist, Supervisory $12,770 per annum begin- 
ning salary, to serve as Director of Nuclear Reactor 
Facility at Walter Reed Army Institute of Research 
the primary research facility for the Army Medical 
Service in advanced study of radiobiological prob- 
lems. A SO, kw aqueous homogeneous reactor 
currently under construction to be utilized mainly 
in biomedical research projects. B.S. degree in 
hysics plus experience in radiation biophysics and 
Geol ledge of reactor physics. Positions are in 
career civil service. Travel and transportation of 
household goods allowances. Write Civilian Per- 
sonnel Office Walter Reed Army Medical Center, 
Washington 12, D.C 


FOR SALE 
Leste Sevvien~Sagalate of interesting astities 
that you have read (or missed) in past issues of 
Nucleonics are available at low cost. Included are: 
“How Radiation Affects Materials’; “‘Power Re- 
actor Control’’ ‘Nucleonics Instrumentation’’; 
‘Building the Nuc lear Navy’’; “‘Measuring Large 
Radiation Doses’’; ‘‘Scintillation Counting— 1960.”’ 
See page 147 for price list and order blank. FS- 
4421, Nucleonics. 
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EMPLOYMENT OPPORTUNITIES 





VUCLEAR SUPERHEAT 





One of the advanced concepts that 


GENERAL NUCLEAR ENGINEERING CORPORATION 


is developing for construction in the immediate future 


Graduate Engineers and Physicists with reactor design experience 
will find stimulating and rewarding opportunities in these boiling- 
superheating reactors, in gas-cooled reactors, and in other practical 
advanced concepts at General Nuclear. 


Positions are also open for new graduates. Work in small design 
and development groups of broad scope gives maximum opportunity 
for advancement and for professional development. 


Send resumes to: L. C. Furney 
GENERAL NUCLEAR ENGINEERING CORPORATION 


Dunedin, Florida 








for 
POSITIONS 
im the 


NUCLEAR 
FIELD ccc PROFESSIONAL PERSONNEL REQUISITION 





WRITE US FIRST! 


Use Our Application NUCLEAR SYSTEMS DIVISION of The 
Me ROSES SGEOOe Marquardt Corporation is engaged in a 
Our national coverage and continuing search for engineers and scien- 
technical experience in e " e 
the nuclear field offers tists capable of contributing to advances 
he maximum eppertuany in nucleonics state-of-the-art. Current 
to achieve your goals. i ‘ , . a cy at 
Confidential Handling expansion within this division creates 
Employer Pays Fee challenging opportunities for professional 
personnel with B.S. and advanced degrees 


Write: Arthur L. Krasnow , 
and experience in the following fields: 


ATOMIC PERSONNEL, INC. 
ce br on anne eee Reactor Physics and Shielding 
Nuclear and Ceramics Engineering 


An 





High Temperature Metallurgy 





ATOMIC PHYSICS 
Research into the Ope of pla as and the . . . 
relationship. to electronic problems as well as Write in confidence to: Mr. Floyd Hargiss, Manager 
—e See & Ss ee & Professional Personnel, The Marquardt Corporation 


mo ilar and atomic resonance. Salary attrac- 


Ce, CD ES CE. Se Se ee 16555 Saticoy Street, Van Nuys, California 
MONARCH PERSONNEL 











28 E. JACKSON, CHICAGO 4, ILLINOIS ee 
THE 
STAFF ENGINEER A larquardt 


SALARY $16,000 PER YEAR 2 

MS or PhD in Physics plus 8 or more years Corporate offices: Van Nuys, California £ CORPORATION 
experience in theoretical physics, including Operations at: Monrovia, Pomona, Van Nuys, California — Ogden, Utah 
Nuclear Energy, deformation of matter, radia- 
y» phenomena and wave mechanics. Com- 
ny client will assume all employment expense. 

ESQUIRE PERSONNEL INC. 
202 South State Street, Chicago 4, III. 
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control 
starts 
her e with Kr beta sources 
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Regulation of basis weight by means of a beta gaging system 
is the key to product uniformity in this large paper plant. 
Control unit manufactured by The Foxboro Company utilizes 
a krypton-85 beta source from United States Radium Cor- 
poration—largest producer of radiation sources in thiscountry. 

This installation is one of thousands using beta, gamma and 
neutron sources fabricated by U. S. Radium. It is typical of 
the many current applications of Kr®5 beta sources of linear 
or point-type design with concentrations of a few microcuries 
to a curie or more. 

Beta sources, now available in a wide range of configura- 
tions, intensities and energies, include Kr85, H3, C14, Nié63, 
Pm147, Ti204, Sr90, and Rul96, among others. Gamma 
sources incorporating natural or artificially-produced isotopes 
include Ra226, Co®9, and Cs!37, all designed to specification. 
Neutron sources, calibrated or uncalibrated, are available in 
radium-beryllium, radium D-beryllium, polonium-beryllium 
and actinium-beryllium. 

U. S. Radium will consult on design of beta, gamma and 
neutron sources to meet your own requirements. Write 
Department F6. 

To keep pace with our expansion, U.S. Radium is continually 
seeking trained technical personnel. Please address inquiries to 
Director of Personnel. 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | Offices : Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
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Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 
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Nagie Pumps for 


the Atomic Age NEW LINEAR AMPLIFIER 


FOR SCINTILLATION 
This 1” Nagle type “CWO-CS” vertical 
shaft, centrifugal pump is ably handling SPECTROMETRY 


radio active wastes at an atomic plant—one 
of many Nagle pumps at various atomic 
energy plants. 


All wetted parts of this pump are of 
stainless steel including the integral tank. 
No rubbing parts in contact with the liquid. 
It is designed to pump only 2 g.p.m. 
Equipped with automatic on-and-off switch 
and fluid high level alarm system. 


A pump in this critical service cannot be 
babied—a Nagle pump is ideal for this ap- 
plication, because all Nagle pumps are built 
for abusive applications exclusively. 


The leading chemical, mining, and ore 
processing companies depend on Nagle. Send 


for Nagle Pump Selector. Nagle Pumps, Inc., ee recovers from 4000x 


engineers and manufacturers, 1242 Center 


Ave., Chicago Heights, Ill. overload in 8 microseconds 
Tough jobs call for 


WI Vy Franklin Electronics’ Series 358 
LAG“ Linear Amplifiers* offer vast im- 
provements over previous ampli- 
PUMPS fiers. In addition to their ability to 
FOR ABUSIVE recover from a 4000x overload in 
toa rappeig eight microseconds, they provide an 
exceptionally high overall gain of 
70,000 when used with their match- 
ing preamplifier. 
Series 358 Linear Amplifiers are 
available in various configurations 


to meet every application. Models 

F- [ G O U C | FA | RE are available with built-in integral 

or integral and differential pulse 

height analyzers. For immediate 


NUCLEAR ENGINEERS shipment. 


Request Data Sheet 2001 


MODEL 358-1 











BEL G 0 e ° *Developed at Oak Ridge National Laboratories 
BelgoNucleaire has at your dis- by George Kelly (ORNL Type A-8). 
BN posal an important and compe- BRIEF SPECIFICATIONS 
tent staff of nuclear engineers MAXIMUM VOLTAGE GAIN: 70,000 (with matching 


preamplifier 


NUCLEAIRE GAIN STABILITY: 0.9% for line voltage changes 


from 105 to 130 V 
GAIN CONTROL: By factors of 2 over a total range 
of 64 


Studies of research and power reactors OUTPUT PULSE: +110 V (doubly differentiated 
PULSE WIDTH: 0.5 microseconds 
RISE TIME: 0.2 microseconds 


Plutonium technology OVERLOAD RECOVERY: & microseconds fr 
overload 

on ° _ LINEARITY: 0.1% of rated output 

Radioisotopes uses and distribution MAXIMUM COUNTING RATE: 250,000 cps (random 

NOISE: Output noise at full gain is 0.82 v rms, 

corresponding to 34 microvolts referred to input 

POWER REQUIREMENTS: 105 to 125 V ac, 170 W 
D-C power drawn, 39 W 


Please write to PHYSICAL: Dimensions; 19” Rack x 82,” H x 134” 
D. Weight; 35 ibs 


SOCIETE BELGONUCLEAIRE, 35 RUE DES COLONIES FIRST IN NUCLEAR INSTRUMENTATION 


Brussels 1, Belgium =) 
‘ FRAN ELIN 
' 
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A thorough revision and expansion 

—to four volumes and more than 3500 pages— 
of the vast collection of scientific 

and technical data on reactor design, 


engineering and operation 


first published in 1955 under AEC sponsorship 


REACTOR 
HANDBOOK 


SECOND EDITION—Revised and Enlarged 
IN FOUR VOLUMES 


Prepared under Contract with the United States 
Atomic Energy Commission 


just published—Volume I 


MATERIALS edited by C. R. TIPTON, JR. 
Battelle Memorial Institute 


CONTENTS 


Part A (Chapters 1-5): 
GENERAL 
edited by C. R. Tipton, Jr. 

Part B (Chapters 6-17): 
FUEL MATERIALS 
edited by H. A. Saller 
and C. R.Tipton, Jr. 

Part C (Chapters 18-34): 
CLADDING AND 
STRUCTURAL MATERIALS 
edited by J. R. Keeler 

Part D (Chapters 35-40): 
CONTROL MATERIALS 
edited by S. J. Paprocki 

Part E (Chapters 41-46): 
MODERATOR MATERIAL 
edited by E. M. Simons 

PART F (Chapters 47-49): 
COOLANT MATERIALS 
edited by R. N. Lyon 

Part G (Chapters 50-53): 
SHIELDING MATERIALS 
edited by V. P. Calkins 

Appendix: 

Constitutional Diagrams of 
Binary Alloy Systems 
by A. A. Bauer and S. Alfant 


Index 


More than five years in preparation, 
some 150 reactor scientists and engi- 
neers have rewritten and entirely re- 
organized this first of four volumes 
of the new Handbook for a presenta- 
tion along the lines of the functional 
usage of materials within a reactor. 
The coverage is extended to include 
liquids and gases, as well as solids, and 
information on irradiation behavior— 
all extensively referenced. Thousands 
of technical publications, the pro- 
ceedings of two international con- 
ferences on atomic energy, and mate- 
rial classified at the time of the first 
edition and since made available have 
also served as source and reference 
material. In 53 chapters and over 
1200 pages, Materials is today’s most 
nearly complete, definitive source 
book of reactor materials information. 


Volume 1: MATERIALS June 1960 Approx. 1250 pages, 995 illus. 975 tables 


forthcoming volumes 


PHYSICS AND SHIELDING ediled by H. SOODAK, Nuclear Development Corpo- | 


About $37.00 


ration of America, and E. P. BLIZARD, Oak Ridge National Laboratory 


ENGINEERING edited by STUART McLAIN, consultant to Argonne National 


Laboratory 


FUEL REPROCESSING edited by'S. M. STOLLER, consuliant, formerly of Vitro 
Corporation of America, and R. B. RICHARDS, Alomic Power Equipment Department, 
General Electric Corporation 


Volumes may be ordered individually. For more information, write— 


INTERSCIENCE PUBLISHERS, INC. 
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Nuclear research in action: 





the Space Age, it is necessary to know 
ve in crvogenic environments. 
under contract with the National Aero- 


Administration to determine the properties LOCK Fi Ee: a cD 
the, . 


ire subjected to neutron and gamma 


ely low temperatures—even below that of NUCLEAR PRODUCTS 


GEORGIA DIVISION, LOCKHEED AIRCRAFT CORPORATION 
xiven us responsibility for planning and executing DAWSONVILLE, MARIETTA, ATLANTA 


We will design, fabricate, install, and oper- 
1amic test loops, refrigeration systems, instru- 

ote handiing facilities. 

htree Road, N.E., Atlanta 5 





TIONAL GRAPHITE MOLDS AND CRUCIBLES... 


TRADE-MARK 


GRAPHITE 
MOLD 


GRAPHITE 
CRUCIBLE 


FOR EFFICIENT AND ECONOMICAL PROCESSING 
OF A WIDE VARIETY OF METALS 


“National” graphite molds and crucibles solve 
casting problems whether the process calls for 
handling ferrous, non-ferrous, exotic or precious 
metals. In many applications — such as the cast- 
ing of uranium — graphite is the only material 
that will do the job. 

Why? Because this material has good thermal 
conductivity and low thermal expansion. It has 
good strength at high temperatures and can be 
machined to precise tolerances. Where reactions 
which form excess carbides in the melt are likely 


‘‘National’’ and ‘‘Union Carbide"’ are 
registered trade-marks for products of 


NATIONAL CARBON COMPANY 


Division of Union Carbide Corporation . 270 Park Avenue, New York 17, New York 


to take place, various mold or crucible coatings 
can easily be applied on graphite. Also, carbon 
pickup can be inhibited with the use of properly 
designed parts. The electrical properties of graph- 
ite permit its use as a susceptor in induction melt- 
ing; thus, the graphite mold or crucible may serve 
a dual function. 

You'll save time and money when you specify 
“National” graphite molds and crucibles for your 
metal casting operations. 


UNION 
CARBIDE 


IN CANADA: Union Carbide Canada Limited, Toronto 
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